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despite some pangs of sympathy—the relief of the 
first weeks of term may find thought of the commo- 
tion of the winter school holidays a trifle unwelcome, and 
perhaps unnecessary, in mid-October. Yet the end of 
term and Christmas itself will soon be engulfing them; 
many shops are now being festooned and filled with 
gifts, and, whatever the calendars and the observatories 
record, most of us have more than a suspicion that time, 
like a comet approaching the sun, travels faster and 
faster as the days sweep on to Christmas. Indeed it is 
none too soon to begin thinking of public events that 
will entertain the family in the Christmas holidays. 
What has The Institution to offer boys and girls at 
Christmas? For the last nine years it has arranged for 


[ee PARENTS WHO HAVE RECENTLY BEEN ENJOYING— 


. older schoolchildren an Annual Lecture which is designed 


to present a living pageant of electrical engineering in its 
service to the community. The lecture is normally 
delivered on two separate occasions, each of which finds 
an enthusiastic audience of several hundred boys and 
girls, usually aged from 14 to 17. The lectures do more 
than entertain their audiences—they combine lively 
education with a stimulus to seek further knowledge, and 
they probably stir some boys into thinking deeply about 
engineering as a career. But whatever merit they have 
as indirect aids towards solving Britain’s shortage of 
engineers, their primary aim is to interest all boys and 
girls (the proportion of girls present is surprising), of 
whatever outlook. To-day even the most classically- 
minded boy necessarily favours—at any rate privately— 
a Roman rather than a Greek attitude towards technology, 
though not, we hope, to scientific investigation. With 
the welter of technical invention that simultaneously 
enriches and complicates living to-day, this attitude of 
mind is as right as it is inevitable. Many members will 
at times have been surprised by the practical competence 
and engineering knowledge of some “arts-trained” 
friend in a subject such as radio, traction or automobile 
engineering, where the arrow of experience or fascination 
has pierced him in early youth. In the kind of age that 
seems to lie ahead of us, a leavening of engineering 
knowledge and a feel for “‘the way things work” will be 
increasingly necessary for leaders along all roads of life. 


VoOUTaFUA arrRasTioN 


Last month the Journal Foreword suggested that the 
engineer-administrator needs a balanced store of general 
knowledge; this indeed applies to all administrators, and 
for those whose basic training has lain far from the 
laboratory or workshop, “‘general” must here comprise 
“technical.” Discourses of the stamp of the Christmas 
Lectures in Savoy Place provide one small means of 
instilling an appreciation of cngineering at a most 
impressionable age, and parents and schoolmasters 
ambitious for their charges ought to know of them, 
whatever careers the boys and girls in question are 
likely to pursue later. 

Over the years The Institution has tried to evolve the 
best technique for making the lectures appeal to children. 
Apart from careful choice of subject and lecturer, the 
principal tenet of this technique is—in the language of 
Wonderland—that ‘“‘the best way to explain it is to do 
it,” and the lectures are always enlivened by many 
practical demonstrations. This year the tenth Christmas 
Lecture is on Electric Traction, a subject of inherent 
appeal to every boy. It will be given in the afternoons 
of December 29th and 30th by Mr. R. Brooks, and a 
notice about application for tickets will appear in next 
month’s Journal. After last year’s most successful 
lecture by Dr. T. E. Allibone, a member wrote that he 
had obtained some tickets for the senior science master 
of his old school, and enclosed a letter from this master 
describing the enthusiasm of the party of sixth-formers 
who attended and declaring that “it was an experience, 
stimulating and very useful that they will not forget.” 
We suggest that other members may wish to offer tickets 
to their schools. 

Although Mr. Brooks will be speaking primarily of 
the engineering of railways we feel sure that he will not 
neglect their romance, whose cultivation Sir Brian 
Robertson has this year pronounced as being of real 
importance to British Railways’ modernization plans. 
Probably The Institution’s theatre will not try to compete 
with the model-railway section of a toy shop, but if it 
does no one will think this amiss. The series of Christ- 
mas Lectures has proved a great attraction; this year’s 
lecturer will not fail to demonstrate afresh how little trac- 
tive effort is needed to draw a large audience to them. 
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HUMAN RELATIONS IN 





INDUSTRY 


AN ADDRESS BY LORD CITRINE, P.C., K.B.E., LL.D... COMPANION 


This address by the Chairman of the Central Electricity Authority followed the Annual General 
Meeting of The Institution on the 19th May, 1955, a report of which appeared in the July Journal. 








HAT I have to say will, of course, allude from 
time to time to the electrical industry, but my 
theme is more general in conception, and I 


shall do my level best to compress it with an economy of 
language into a reasonable space of time. 


When I was a young trade union official I entered for 
a competition instituted by a local newspaper into the 
subject of industrial unrest. The competitors were 
required to state briefly what they considered to be the 
primary causes and the solution of the unrest which was 
at that particular period very visible. I put my solution 
on a postcard, and I won the competition. I think I 
covered every conceivable contingency and provided 
every solution. Some forty years of experience since 
that time have occasionally raised doubts in my mind 
whether all I said was perhaps as well grounded as I 
thought at the time. 

I start with the premise that there are no experts in 
this subject. There are people of greater experience 
than others. There are people whose experience is 
perhaps more general in character and there are those 
who have specialized knowledge, but there is no one 
who can provide a ready-made solution, easy of applica- 
tion, for the problems which arise in human relations. 

In my day, “labour unrest” was the usual term applied 
in this sphere, and to-day we still find, particularly in 
times of trade dispute, the subject being obtruded upon 
the notice of the public. The problem is always with 
us, like the poor, and I do not think that there has ever 
been a period in the history of industry when there was 
more discussion of it, much of it of a practical character, 
than there is to-day. I cannot pick up a paper amongst 
the documents that come to me without finding, at some 
international or national conference this subject being 
discussed. Almost all the universities in some measure 
are seeking to grapple with the problem, some by the 
method of research. Most of you are aware that some 
two or three years ago the Department of Scientific and 
Industrial Research embarked upon a series of close 
examinations to try to get at the root causes of the 
difficulties which arise in human relations in industry. 

Now what kind of relations am I thinking of when I 
use the term “human relations”? Primarily the rela- 
tions between management and men, but not exclusively. 
Even when that problem may have been reasonably 
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solved, there will still remain the problems of human 
relationship between man and man which are common 
to us all in life as a whole. I am thinking, too, of the 
responsibility of both management and men to the 
general community. I think it will be seen that the 
problems which I have in mind are not transient in 
character but fundamental. 


The first things that strike anyone examining industry 
are its complexity, its diversity and the thousands upon 
thousands of commodities of so many different kinds 
that furnish the means of bringing work-people and 
managements together to serve the public’s needs, from 
shoes to steamships, and perhaps from toothpaste to 
turbo-alternators. It will be seen from this that no 
ready-made solution can be applied to all these diverse 
activities and the people engaged in them, and that a 
great deal of adaptation is necessary. 

The problem is, in a measure, accentuated by the scale 
on which industry operates. In my lifetime I have seen 
the evolution—and looked at it perhaps more closely 
because of my earlier associations than most people 
have to do—of the large unit, of the combine, of the 
amalgamation, of the association. It is patent that 
right throughout the world the same kind of evolution 
has been going on, and that the large organization is 
with us to stay. It will evolve of course, and indeed 
has evolved a great deal in my lifetime. But the 
problems which arise in connection with large-scale 
industry, carried on by big firms, are quite different from 
those which arise with the small employer having only 
a few employees. It is patent that there must be variety 
in the treatment of these problems, depending in 
considerable measure on the nature of the company or 
undertaking, and on the number of people employed. 

Now industrial unrest that comes out of this general 
association called “human relations” is not something 
which obtrudes itself now, and then disappears; it is 
recurrent and constant and, although perhaps not so 
noticeable at some periods as at others, it is always 
present. So we must look for a moment at the industrial 
setting in which human relations are carried on. 

The trade union movement, whilst not the cause of 
the industrial unrest, is very largely the medium through 
which that unrest is expressed. I have many times 
pondered whether it would be possible to put into one 
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or two short phrases the purposes of the trade union 
movement. I used to try to concentrate them into three 
principal objectives. They were adequate remuneration, 
security of employment, and a measure of control in the 
industries in which the work-people were employed. 

| read within the last two or three days a very reasoned 
approach to this problem of human relations, by a man 
who has had a lifetime’s experience in one of the largest 
combines in this country, and I was interested to notice 
that he emphasized precisely those three points which I 
have mentioned to you, and which it was my habit in my 
trade union days to describe and to try to analyse, in the 
various contributions I had to make to trade union 
policy. 

When we speak of adequate remuneration we must 
always do so in relative terms. Nobody will ever be 
completely satisfied with his remuneration, not even the 
Chairman of the Central Electricity Authority. I might 
be a little more satisfied if the Inland Revenue were not 
so assiduous in their attentions. There must always be, 
ranging round that question of adequate remuneration, 
a potential measure of conflict, and from time to time it 
has of course broken out and probably is one of the 
most common causes of stoppages and strikes. It is a 
permanent feature upon which discussion and negotia- 
tion are constantly going on without and within all the 
principal industries. I do not believe that it can be 
eliminated. All that I can hope is that by education, by 
full disclosure (to which we are coming nearer every day) 
of the affairs of the great public and private organizations, 
and by discussion with the work-people affected, we 
shall get a little better sense of proportion and more 
knowledge of the factors involved, and by that means 
reduce the area of dispute. It may be that recourse to 
the system of arbitration, which on occasions is resented 
by work-people as appearing to be imposed upon them, 
will be received with a good deal more readiness when 
the limitations within which it is possible to settle such 
matters as adequate wages and conditions of employment 
are fully realized. 

As to the second point—security—a great way has 
been traversed since 1909, when the first attempts at 
social security were made, and Governments have now 
been able to devise the mechanism by which they can, so 
far as present experience goes, virtually secure full 
employment for their working populations. The inevi- 
table question which arises in people’s minds is whether 
or not that condition will last. I am quite certain that 
there is a very big doubt in the minds of most trade 
unionists, particularly with regard to the use of restrictive 
practices in industry, whether it will be possible with 
the best will in the world to secure full employment for 
all time. 

The third point which I mentioned, a measure of 
control, is one that in my judgment has a very much 
wider application, and its consequence may perhaps be 
of more basic importance to the workers of this country 
than even the other two. I believe it to be inherent in 
collective bargaining. If, in order to make a bargain, 
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you negotiate with an employing body or a single 
employer, it presupposes an agreement at the end of the 
negotiation. That agreement of itself must—it cannot 
avoid it—limit the exclusive powers of the employer. 
If he were to enjoy exclusive power to decide what 
conditions and terms of employment should apply, there 
would be no point in his entering negotiations. He 
would go on in his own sweet way and probably risk the 
consequences. But all agreements specify something, 
whether in terms of the number of hours worked or the 
conditions under which work is to be carried on, which 
is in itself a limitation on the authority of the employer. 
That has been quite freely and commonly recognized 
and has operated for many, many years. I mention it 
here merely to indicate that when I speak of a measure 
of control, it is a continuance of something already 
existing rather than the institution of something new. 

This principle was put into an organized form in the 
First World War, after which it fell into abeyance, and 
was re-established in the Second World War by voluntary 
agreement. The British Employers Confederation and 
the Trades Union Congress (of which I was then the 
Secretary) together drew up the principles upon which 
production committees and works committees should be 
established for the period of the war. Since the war a 
great many of the committees have survived, although 
some have gone by the board, but the principles of joint 
consultation, which were recognized in perhaps a limited 
sphere in the production committees, have themselves 
now been very commonly and freely conceded by 
individual employers, by agreement, and by Government 
policy. 


Now what I have tried to say is that the problems that 
are inherent in human relations are not transient. They 
are not something which loc~ s up and will then go away. 
I do not believe that they can be solved by expedients, 
however helpful expedients may be from time to time 
in remedying, temporarily at least, a particularly distur- 
bing situation. 

I say, after a quite extensive experience of the condi- 
tions under which industrial life is carried on, that 
monetary incentives of themselves are inadequate. 
I have not known a country in which they have furnished 
a lasting remedy, and it was most interesting to me to 
hear quite recently a statement from an authoritative 
source to the effect that in the United States, the country 
of so-called payment by results in excelsis, the system 
was falling into disuse and payment on a time basis was 
being substituted for it. That does not surprise me, 
but none the less it is most interesting to see the develop- 
ment taking place. All kinds of differential bonus 
systems and things of that nature have been thought out 
by ingenious people, but they have never proved to be a 
lasting solution. They have on occasions resulted in 
serious stoppages of one kind or another. Profit 
sharing, practised to a limited extent by enlightened 
employers here and there, co-partnership schemes 
practised to an even more limited extent, all have their 
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place and have all been tried, but none of them has 
furnished a lasting remedy. 

I think we must take account of this factor too. 
Basically the trade union movement has its appeal in the 
assumption by the worker that he needs protection. 
The whole principle upon which trade unionism rests is 
that collectively, in a single organization, the men ate 
able to stand up to the employer, where as individuals 
they could not do so. Individually they would not be 
economically free to bargain with the employer, whereas 
their organization is on roughly equal terms for bargaining 
with him. 

But that presupposes a difference between the 
employer and the workmen, and that difference has been 
exploited, has been developed, has been exaggerated, and 
has formed the principal stock-in-trade, the propaganda, 
of a very active political party in this country. The 
Communist Party to-day—and I apologize for introducing 
anything in this connection, but you must understand 
the position—makes the assumption that there is a 
continual war going on between workmen and employer, 
the so-called class war. They believe that, because of 
this war, it is inevitable that work-people will become 
poorer and that wealth will be concentrated in fewer and 
fewer hands. The mere fact that statistics demonstrate 
quite the opposite does not count in the least. It would 
indeed be a very poor advertisement for the trade union 
movement if, despite the huge sums of money and 
the intense activity which have gone into collective 
bargaining, it could only be shown as a result that the 
conditions of the workers were getting worse and the 
employers were pocketing more of the communal 
product. Facts of that kind do not count very much 
with the Communist Party. There is an ability to exploit 
a latent discontent and continually to manufacture 
trouble where trouble either does not exist or is of a very 
mild character. You really must understand, in order 
to get a grip of this, that those who are associated with 
the Communist Party believe that the capitalist system 
will collapse. They believe that firmly; it is almost a 
religion with them; and, while it has a materialistic 
character, which to people like me is utterly repugnant, 
it is held with conviction. They believe because of this 
that the industrial system must be kept in continual 
commotion; that it must not be allowed to settle down, 
and every dispute is exploited to try to hasten the day of 
collapse. I know it sounds fantastic to some of you, 
but, believe me, it is not a figment of my imagination. 
It is a sober statement of demonstrable fact: Now 
remember this, when we are talking about human 
relations—remember that all the time there is an organiza- 
tion working to prevent human relations being successfully 
adjusted so as to give satisfaction to worker and 
employer. 


So far I have tried to deal with the troubles which 
inevitably arise in the sphere of collective bargaining 
and negotiation between employers and trade unions, 
and I have tried to show their exploitation by the 
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Communist Party for quite definite and declared ends, 
and the fomenting of strife which arises in some measure 
out of the happenings in industry. 

Now let us look at another range of factors which 
contribute to making this problem of human relations 
a difficult one. First there is the question of political 
democracy. You cannot have a community divided in 
its mentality in such a way that its actions in one sphere 
are completely divorced from its actions in others. They 
are bound to affect one another, and the fact that in this 
country the ordinary man has the right to determine the 
Government of the country has its corollary in the 
demand for a bigger voice in the industries in which 
the people are employed. Now no one would confuse 
the two problems and regard them as common; they are 
not so by any means. The factors are quite different in 
many respects, but one thing clear to my mind, and I am 
saying this quite calmly and objectively, is that industrial 
autocracy is just as impossible as political autocracy. 
If my reasoning is correct it shows that the existence of 
political democracy will have its effects upon the minds 
of people working in industry and they will seek a bigger 
voice in the affairs of the industry, particularly those 
which concern their own particular work. 


In the past there has been far too much concentration— 
I speak relatively of course—upon the economic and 
technological factors of industry. Very seldom indeed, 
when an economic change of some kind was apparent, was 
any consideration given simultaneously to the social 
consequences of such an economic change. The change 
is first made and then, when its consequences are seen, a 
belated attempt is made to provide for the difficulties 
which have been created. This is particularly real when 
it comes to a question of installing new machinery that 
may displace many men from their employment and as 
a consequence cut them off from the means of sustenance, 
thus making it imperative for the community to give 
first aid to the workmen concerned. I repeat I do 
not think there is anybody in this whole country who 
will say with certainty that unemployment has gone for 
ever. I certainly do not say that, much as I hope it has 
gone, but the workman with a long personal experience, 
or knowledge derived from his workmates or his parents, 
is far from convinced that unemployment has gone for 
all time, and as a consequence he tends to value the 
present in terms of the past. I am sorry to say that that 
kind of process is not peculiar to work-people; it has 
clouded the Governmental relations of Great Britain and 
some of the British dominions and colonies for a long 
time past, not through anything that has been done by 
my generation but by that which preceded it. So what 
I am trying to say here is that while a great deal of 
attention has been given to the technological and 
economic aspects, not sufficient thinking has been 
applied to human relations. Now we must try to 
redress the balance. We simply cannot go on in the 
community hoping to keep millions of people at work 
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contented and happy without recognizing that we must 
give a measure—I was going to say an equal measure—of 
attention to the human-relations factors as is given to 
the economic and technological factors. This, to my 
mind, is a primary responsibility of management. 
Management, for better or worse, represents broadly the 
government of industry, and although wise managers 
try to share in a measure not their responsibility but their 
knowledge with those whom they govern, it is quite 
patent to me that this is a primary responsibility of 
management. 


Now what part do engineers play? I should like to 
be extremely complimentary because I know it would 
satisfy an engineering body, but I must say that I have 
been impressed, in my last eight years of contact with 
the electrical industry, by the fact that men of first-class 
engineering experience, with good minds, good logical 
brains, never seem to trouble themselves about this other 
part of managerial responsibility. The result is that 
more and more one can perceive the engineer being 
placed at a disadvantage for the higher managerial posts 
because of his lack of knowledge of those subjects. If 
I am any judge, and I am not now speaking about the 
electricity industry only, we shall find more and more 
that industry, in order to fill the higher managerial 
posts, will look not primarily for people with good 
technical training, but for people with broad minds, with 
a very human outlook, and, above all, an understanding 
of people. 

Perhaps I may not prove to be a good prophet there, 
but this problem seems to me to be one that will loom 
very large. I hope that what I am saying to engineers— 
not in any critical fashion remember, but just trying to 
put it as I see it—and the mere fact that the existence of 
the problem is being recognized (as evidenced by the 
frequent discussions to which I alluded earlier) will be 
of some help to them in the study of human relations. 
But we must have an organized approach to it, just as 
we have to our other problems. It is the theme of 
innumerable conferences by employers and trade union 
bodies, sometimes under Governmental auspices. 


Incidentally I would say that there has been a marked 
change in the last thirty years or so in the way in which 
the trade unions have been welcomed into discussions 
from which earlier it had been thought best to exclude 
them. Indeed, the greatest changes in my lifetime in 
the industrial sphere have been the readiness, particularly 
of the more forward-looking, the more progressive 
employers, to recognize that the trade unions have a 
great contribution to make, and the widening conception 
on the part of the trade unions themselves of their 
functions, which embrace a study of the subject of 
human relations. Usually in the early days the reaction 
on the part of the management to any claim at all for 
discussion of human-relations problems was one of 
resentment. Managers seemed to think that their 
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authority was being impaired. I was very interested to 
notice that, as the outcome of a conference held a couple 
of years ago under the auspices of the Ministry of 
Labour in which employers, trade unionists, sociologists, 
economists and others participated, the conclusion was 
reached that joint consultation did not in the least mean 
the impairment of the powers of management. It 
enlightened management rather than the reverse. I said 
earlier that consultation had been widely accepted—at first 
in the narrow limitations of the production committees— 
and it has blossomed out in a number of works. As you 
know, the Government (I am not now distinguishing 
between Governments, I mean any contemporary Govern- 
ment which we are likely to have in this country) is 
wedded to the policy of itself consulting the representa- 
tives of the workers on all kinds of topics, and employers 
in a voluntary way are following suit. That is Govern- 
ment policy. In nationalized industry this has been 
carried a step further, and is now a statutory right. It 
is not something of a paternal character but an enfran- 
chisement of the individual worker, giving him a right 
to have access to the subjects which concern him 
primarily and which concern the industry as a whole. 

I think it would be true to say that, in all the manage- 
ment courses which to-day have been organized by all 
sorts of bodies, a stress is being laid upon the essential 
character of human relations, which is recognized 
universally as the most intractable problem that the 
industrialist has to face. 


Now’ when I spoke of consultation, what had I really 
got in mind? I spoke of it being organized. I cannot 
see, particularly in a whole industry, how it is possible 
to avoid it being organized. There have been extrava- 
gant claims on the part of some workers and some 
unions that joint consultation should mean the sharing 
of executive responsibility with the workers. In other 
words, not only should they have the right to be consulted 
but they should have the right to share in the decisions 
and to see that those decisions are carried out. That 
furnished a hurdle for us in the nationalized electricity 
supply industry in our very early days, but we sur- 
mounted it and we showed the unions that it was 
impossible for the electricity boards to shed the responsi- 
bility which rested legally and exclusively upon them. 
That did not mean that the views of the work-people were 
neglected or that their share in recommendations which 
would be made to managerial and executive bodies was 
in the least impaired, but it did mean that management 
must regard consultation as advisory in character and 
not executive. We surmounted that, but of late there 
has been evidence that the claim is being resuscitated, 
and, naturally, having been more associated with 
nationalized industry for the last nine years I am tempted 
to talk about that. But the pattern is well known. 

Organization at national, district and local levels, with 
the usual experience of consultation and bringing into 
focus of all the problems connected, health, welfare, 
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safety and all those things which are broadly described 
as affecting human relations, shows that consultation at 
the national level is relatively easy, but is much harder 
when it gets down to the shop floor. It is patent that 
in nationalized industry, as in private industry, there is a 
greater need for education in those subjects. The need is 
as real for management as it is for workers. One would 
expect management to be more receptive, more able to 
perceive the basic purposes, and my experience in the 
electricity supply industry is that once the problem was 
fully realized, almost undivided support was given by 
all the managerial personnel to the efforts of the electricity 
boards to carry out their statutory obligations in respect 
of human relations. Basically the difficulty is always 
to inspire confidence. Unless people trust you, no 
matter how fair you try to be, there will always be an 
assumption that you have some thought at the back of 
your mind that is not for their benefit. That is a horrible 
factor which obtrudes itself on many occasions. I 
believe that confidence is won mainly by carrying out 
promises, not by making promises you cannot perform. 
I believe that it comes-from encouraging men subordinate 
to oneself to express themselves freely and without any 
fear that as a consequence they may suffer some handicap 
in respect of promotion or perhaps even continued 
employment—a very real fear, I can assure you. 

In electricity supply we have tried to carry on our 
education as actively as we can, consistent with not 
making too big an inroad into productive time. Some- 
times it is very hard to keep the balance between these 
two factors. We have four Spring and Summer Schools 
where we have a cross-section of the whole industry, 
from managerial staff to the humblest of the workers. 
We have our technical courses, and on top of that we 
have had, I think, over a hundred courses, each attended 
by an average of thirty people, at which we try to teach 
the technique of making joint consultation effective. It 
has to be taught, I repeat, both to management and to 
workers. 


To management invariably we look for leadership. 
Managers should be the natural leaders, and that, 
of course, poses the question of whether technical 
competence—I do not mean particularly engineering 
competence, I mean a broad knowledge of the normal 
processes of business administration—alone is sufficient. 
A man may be a very good manager in that sense and 
yet fail utterly to inspire by his powers of leadership. 
I believe that more and more, in appointing managers, 
the appointing bodies will look for the quality of leader- 
ship. They will look consciously for it, and they will 
give great weight, in making their appointments, to its 
possession. This also means that management at the 
various levels must be clear about the policy it is expected 
to carry out, and I am afraid that that in itself very 
often exposes a weakness of internal organization. Men 
cannot carry out a policy of which they are ignorant, and 
which has not been fully expounded to them. It is not 
sufficient merely to announce basic principles, valuable 
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as they are. Men must be kept currently informed, and 
informed as nearly as possible at first hand, of the policy 
which is being pursued, not only at headquarters but in 
their immediate vicinity, by their superiors. That in 
itself requires machinery. 

Probably one of the mistakes that has been made, 
where the attempt to further the principle of joint 
consultation has been tried, is to bypass the foreman, 
Very often it is thought to be sufficient to get on a rather 
higher managerial level and forget all about the foreman, 
We cannot say that we have been guiltless in electricity 
supply, but once we saw the defect we set about trying 
to remedy it. 

As to the new entrant into industry, I look back upon 
my own early workshop experience, going into a new 
job with scarcely anybody to bother about telling me 
anything, left to pick it up for myself, and sometimes 
watched by a body of quizzical, and not altogether 
friendly, fellow employees to see how I shaped in my 
new job. I hope that has gone for ever. Intelligent 
management presupposes that you try to make a good 
impression on the new employee, whether he is a young 
person or an older one, to give him the impression that 
his coming to you is of some good and some value, not 
only to him but to the performance of a public service. 
It is that conception which must be the ultimate driving 
force of every one of us. If we lack it, we shall have 
very unsatisfying lives, and when we look back on our 
records we shall not be altogether satisfied with our own 
achievements, however they may rank in the eyes of 
others. 

It has been a puzzle to me for a long time how it is 
that firms and nationalized bodies which quite properly 
spend hundreds of thousands of pounds in advertising 
their wares to the public never seem to bother about 
advertising their policies or activities to their own 
employees. We must remember that we have to keep a 
balance between our responsibility to the consumer on 
the one side and our responsibility to the work-people 
on the other. If we do not keep that balance we shall 
run into trouble, and so a proper system of communica- 
tion and the readiness to spend money in the process are, 
to my mind, imperative if we are to succeed in getting 
to grips with this subject and in getting the co-operation 
of work-people in solving the problems of human 
relations. 

Do not forget this. Work-people are instinctively on 
the look-out to see whether they are being patronized. 
I know that feeling very well. I had many years of 
first-hand experience in dealing with it. It cannot be 
expected, from looking back over the industrial history of 
even my lifetime, that people can be altogether without 
suspicion of the motive behind certain systems of 
welfare that have been established. Welfare came to us 
in the main from the United States, where it was used 
consciously as a means of preventing trade unions 
getting a hold on the work-people, and until the Roose- 
velt legislation of 1932 there was a constant battle on the 
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part of the unions for recognition. We did not have 
that problem here in the same degree. We had it in 
isolated cases, but here trade unionism and proper 
recognition by employers had long been established. 
When welfare came along and individual employers, who 
were not noted for their readiness to receive and bargain 
with the trade unions (however good they may have 
been in other respects) embarked on schemes of welfare, 
the suspicion that was aroused was almost identical to, 
although perhaps not so intense as, the hostility to 
welfare schemes in the United States. 


I could tell you my own experiences. I could tell you 
the experiences of some of the outstanding men in the 
trade union movement, one of whom has died within 
recent weeks. They would not have anything at all to 
do with the National Industrial Welfare Society, because 
they believed the people who were using that society 
and the firms inside it were basically hostile to trade 
unionism. They were wrong, and their attitude was the 
outcome largely of prejudice based upon past experience. 
A person like myself must try to enter into the state of 
mind of the workman, and the queries of the workman 
must be: 

“What is this fellow’s motive?” 

“Why does he want me to be so concerned with this 
industry ?” 

“Why does he want me to bother my brains about 
things like joint consultation ?” 

“If there is a row my trade union can look after my 
rights. I don’t need to bother about it first-hand.” 

Human beings generally try to dodge what might be 
irksome tasks, and so the average workman does not 
care to be thrust into a system which, I believe, ultimately 
will be of immense benefit to him. Many people consider 
these systems are devised solely to provide efficient 
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production, namely more production with less human 
effort. That in itself is good, but it should by no means 
be the real objective. It is a partial objective, and if it 
leaves in the workman’s mind an impression that he is 
being used merely for a purpose which may eventually 
benefit him, but which does not take into considera- 
tion his status as a human being, then in my opinion 
such a scheme is likely to fail. The motive would be 
suspected. 

I believe—and I expose myself here as everybody does 
who has any faith in anything, because faith necessarily 
rests to a great extent upon personal valuations and it 
is not always easy to prove everything in which we 
believe—I believe quite firmly that industry has a real 
responsibility for producing good and contented human 
beings. I do not believe that it is possible to have a 
happy, intelligent and contented, general community, 
and at the same time have a suspicious and discontented 
industrial community. 

When I think of the hours spent by the average person 
at work, I ask myself whether the be-all and end-all of 
work is merely to provide commodities? Have none of 
us any responsibility at all for trying to develop that 
inner social consciousness of people, for trying to reach 
the good that is in them, instead of just, as it were, 
washing our hands and saying, “‘That is not our job, let 
that go to the clergyman, he will deal with that’? 
I believe there is a far wider purpose of industry than 
has yet been generally perceived. I believe that the men 
who will distinguish themselves in our community—and, 
through our community, perhaps in the world—are the 
men who are conscious of the need not merely to have 
efficient production, important as that is, but to have 
in the process good, contented citizens, people who feel 
that they are expressing some innate creative impulse in 
public service. 





SCOTLAND 


The Scottish Centre, and indeed the whole Institution, 
were deeply shocked to hear of the death on the 
13th August, 1955, of Mr. T. Lawrie, Manager of the 
North of Scotland Hydro-Electric Board. The debt 
owed to him by The Institution and by the country has 
been referred to elsewhere but his loss has been especially 
felt in Scotland on account of his great enthusiasm for, 
and personal contribution to the well-being of, the 
Highlands. It has been rendered the more poignant by 
his having so recently acted as host to so many members 
in Scotland ; there could be no more fitting memorial than 
the enduring recollection of his charming manner and 
unfailing help to all his guests. 


WOUS BVEUTS 





Thelast activity of the 1954-55 session—the Hutcheson- 
Winning Golf Trophy Competition—took place on 
September 6th. This event normally forms part of the 
Scottish Centre Spring Meeting, but as this Meeting was 
not held in 1955 on account of The Institution’s Summer 
Meeting, the Golf Competition was given a day to itself. 
Players from all three Sub-Centres assembled at Glen- 
eagles in the most perfect weather of the competition’s 
history. The winner was Dr. James Jamieson, who has 
won on a previous occasion, and the runner-up was 
Mr. W. Gemmel, last year’s winner. All present 
experienced a most enjoyable day and the Benevolent 
Fund benefited by a substantial amount. E. O. T. 
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Servo Systems for the Control of Speed in Industrial Drives 


R. H. Kelsall, B.Sc., Associate Member 


Automatic control of manufacturing processes is becoming increasingly important for the maintenance of present 
living standards in the industrial nations of the world. Great strides were made in the development of servo 
mechanisms during and after the Second World War, and in this article the author, who is with the Metropolitan. 
Vickers Electrical Co., reviews the present state of the application of servo mechanisms to industrial speed control, 








HE range of application of the electric drive has 
been greatly increased during and since the Second 
World War, largely on account of the improved 
methods of control that have become available. The 
war saw particular emphasis laid on servo systems for 
the positional control of weapons and this resulted in 
many new and spectacular techniques being developed; 
since the war the analysis of these systems has occupied 
considerable space in textbooks and journals. In 
industry, however, it is probably true to say that the 
control of speed has been of greater interest than the 
control of position. The application of more flexible 
and more accurate control systems has in part enabled 
greater efficiencies and productivity to be achieved in 
industry. 
The control system for an electric drive can range from 
a simple switch to a highly elaborate interlocked con- 
tactor scheme or to a precision servo mechanism 
involving complex electronic circuits. The choice 
between the various methods of control is influenced by 
many factors but the best control system is that which 





fulfils the requirements with the greatest simplicity, 
With the present increasing trend towards closer degrees 
of control for plant and equipment, conventional 
methods may well prove inadequate, necessitating more 
precise and flexible forms of control. 

The more common methods of controlling speed 
include the d.c. motor on variable armature voltage 
with or without variation of field excitation, a.c. com- 
mutator motors with brush-shift mechanism, and a.c. 
induction motors with variable rotor resistance. In 
addition constant-speed motors in conjunction with 
variable-ratio gear or pulley systems find wide applica- 
tion at the smaller powers. All these methods are, toa 
greater or lesser extent, influenced by changes in supply, 
load and temperature, and the control action is dependent 
on a mechanical movement in the majority of applications. 
One method of overcoming these limitations is to employ 
a closed-loop or servo system which embraces the con- 
ventional method within it. Such control systems are 
finding application for all sizes of drive from fractional 
horsepowers up to the largest d.c. and a.c. machines 


1350 h.p. automatic ace 
winder at Lynemouth Col- 
liery; magnetic and hydrau- 
lic amplifiers are employed 








Sent 
or vo 
tan- 
rol, 


ity. 


ynal 
lore 


age 
)m- 
a.c. 


vith 
ica- 
oa 
aly, 
ent 
ns. 
loy 
on- 
are 


RRS 





employed for rolling-mill and mine-winder installations. 
These closed-loop systems are generally employed for 
one of the following reasons: 


(1) To extend the range of control beyond that attainable by con- 
ventional means, i.e. 100: 1. ° 

(2) To maintain constant speed at a predetermined value irrespective 
of external changes in load, supply and temperature. 

(3) To co-ordinate the speed of a motor with that of another. 

(4) To increase the dynamic response of the system to changes in control 
setting. 

(5) To reduce the power level required to effect control. 

(6) To increase the degree of proportionality between the controller 
input and the resultant speed-change produced. 


A servo system is generally considered to be divided 
into the following sections: 


(1) The motor or mechanism being controlled. 
(2) A device for measuring the actual output produced by the control, 


i.e. speed. 

(3) The input to the controller which represents the desired output. 

(4) A device for the comparison of items (2) and (3) to produce a 
difference or error signal. 

(5) A power amplifier to raise the error signal to a level sufficient to 
effect control of item (1), i.e. motor or mechanism. 


In electrical systems speed is commonly measured by 
means of small d.c. or a.c. pilot generators usually called 
tachometer generators. D.C. generators for this purpose 
require special design to eliminate or minimize the 
variations in output voltage due to the adverse effects of 
temperature change, commutator-film breakdown, arma- 
ture slots and other cyclic irregu- 
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tive, suffers from the adverse effects of temperature- and 
supply-variation, which cannot be compensated for with 
sufficient accuracy in precision systems. In addition, 
the necessity for demodulation of the carrier in all but 
the smallest systems introduces additional time-delays 
which can adversely affect the stability of the system. 

In simpler control systems which employ d.c. motors 
and where regulation against changes in load is of 
primary interest, the use of motor back-e.m.f. as a 
measure of speed is often adequate and avoids the 
necessity of providing and mounting a tachometer 
generator. Systems of this type are common for the 
small general-purpose speed-controllers using thyratron- 
type grid-controlled rectifiers to provide variable 
armature-voltage for a d.c. motor. 

Power amplification of the error voltage or current is 
usually achieved by one of the following methods: 


Rotary 

(a) D.C. generator. 

(b) Cross-field exciter of the metadyne or amplidyne type. 

(c) Eddy-current or magnetic-particle clutch or slip coupling. 
Electronic 

(a) High-vacuum thermionic valves. 

(6) Grid-controlled rectifiers, ie. thyratron, ignitron and mercury- 

pool type (with glass bulb or steel tank). 


Magnetic 
(a) Transductors and saturable-reactor devices. 


The rotary type have the advantage of inherent reversal 





larities and the end float of the 
armature in its bearings. Designs 
now exist where these difficulties 
have to a large extent been over- 
come and a constancy of output 
of better than 0-1% can be 
achieved. 

A.C, pilot generators of both 
the variable-frequency and induc- 
tion type have the advantage of 
eliminating a commutator, and 
allow the use of a.c. inter-stage 
coupling, with its freedom from 
drift, where electronic amplifica- 
tion is employed. The type of 
induction generator employed 
consists of a 2-phase stator wind- 
ing with a conducting cylindrical 
rotor; the iron circuit of the rotor 
is usually made stationary to 
reduce rotor inertia at the expense 
of an additional air-gap. One 
phase is excited with alternating 
current and a voltage of supply 
frequency is induced in the second 
stator phase, whose amplitude is 
Proportional to the speed of 
rotation. The induction gener- 
ator, whilst in many ways attrac- 





Experimental 4-high cold-strip reversing mill with servo control of main mill motor- 
speed, providing wide speed-range with stable rolling conditions on short lengths of strip 
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Five section fabric-coating machine with electronic drive and 
loop control between sections 





cutting-speed is readily provided by the 
use of a simple electrical network which 
computes the speed necessary for the 
particular radius at which the cutting 
tool is operating. The output of this 
network can most easily be used for 
control purposes by feeding it into a 
speed servo system with its associated 
high input impedance and linearity, 
The ever-increasing demand for 
electrical power necessitates an increase 
in output of coal from the mining 
industry. This increase is dependent in 
part on increasing the efficiency of the 
overall mining system. One vital link 
in this system is the winding equipment 
for raising the coal from the pit to the 
surface. In order that the output ofa 
given system should be at a maximum 
the time per wind should be a mini- 
mum. This can be achieved by ensur- 
ing a constant maximum permissible 
speed irrespective of load, coupled with 
the maximum safe acceleration and 
deceleration. To ensure accurate level- 
ling of the cage at the end of a wind 
it is necessary for the winder motor to 





of output polarity with reversal of excitation, but they 
require maintenance and their amplification is achieved 
in conjunction with one or more associated time-delays. 

Electronic amplification is attractive in its ability to 
handle low-level signals and to provide high degrees of 
amplification with negligible associated phase-shift and 
attenuation. The inability of this type inherently to 
reverse its output polarity can in some applications make 
their use uneconomical. 

Magnetic amplifiers are attractive for industrial 
purposes on account of their static and robust nature. 
Like grid-controlled rectifiers they take their power 
direct from the supply but do not inherently reverse 
their output potential. Their amplification is achieved 
with associated time-delay dependent on the supply 
frequency. 

After the war the machine-tool industry showed 
considerable interest in the use of electronic methods of 
providing variable voltage for d.c. drives, and these 
generally formed part of a closed-loop speed-control 
system in order to correct for the poor regulation— 
particularly of single-phase rectifier arrangements. The 
electronic convertor is more attractive than the rotary 
one in that it is static, and this can result in a reduction 
of maintenance and vibration. Wide-range speed- 
control systems can replace the multi-ratio gear-boxes 
in certain types of machine tool, or reduce the number 
of ratios required. It is well known that by keeping the 
cutting speed of metal constant under the tool tip the 
resultant finish of the machined article is improved and 
the time for the operation is reduced. This constant 
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be brought to a constant low creep- 
speed with the minimum of settling time before the 
mechanical brakes are applied. This requirement can be 
met by the use of a servo system for the control of speed 
whose input is responsive to the movement of the driver's 
lever or to a predetermined programme dependent on 
the position of the cage in the shaft. The latter form 
brings the mine winder into the same category as the 
high-speed passenger lift, but with much-increased 
flexibility and accuracy of control in view of the powers 
and speeds involved. Winder installations with both 
d.c. and a.c. motors are operating with servo-type 
speed-control systems, the former on both Ward Leonard 
and on steel-tank mercury-pool-type rectifiers. A.C. 
motors for this purpose are usually of the induction type 
and are controlled by variation of rotor resistance by 
means of a hydraulic positional or velocity servo- 
mechanism which forms part of the overall closed-loop 
system. These control systems invariably include sub- 
sidiary servo-loops to provide overriding limitation of 
armature or rotor current, of acceleration and of peak 
power drawn from the supply. 

The individual electric drive for sections of a plant or 
process has advantages both practical and economic, but 
the control requirements necessary to co-ordinate the 
individual drives can be extremely stringent. In the 
drive for a paper-making machine this is particularly 
true, since of the total power necessary to drive the 
machine a negligible percentage is transmitted via the 
paper; it therefore becomes essential for the control 
system to maintain the relative speeds of the sections 
constant to within a small fraction of one per cent over 
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long periods. Electrical velocity servos have been 
used successfully for this purpose and require fairly 
complex systems using electronic amplification in 
addition to that of the magnetic and rotary type. The 
accuracy demanded means that the methods of measure- 
ment and control are reaching their practical limit. 
In order to achieve higher accuracies with a possible 


Fully-fashioned- hosiery 
knitting machines with 
drive providing six pre- 
selected speeds. Control 
employs Ward Leonard 
system with electronic 
exciter 
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simplification of control equipment it is often possible 
to include a term in the control proportional to the 
integral of velocity-error. This principle is in fact used in 
certain forms of electric sectional drive and the integra- 
tion is achieved by mechanical or electro-mechanical 
means. It is, of course, the relative velocity of the 
material itself through each section that finally matters 
since slip can occur between the material and the drive. 
It is for this reason that the integral of velocity-error is 
often taken from the material itself by allowing it to form 
a loop whose height can be measured, or by allowing it 
to defiect a movable roll by a small change in direction 
of the material as it passes over it. In either method the 
position of the loop or roll is a measure of the integral 
of velocity-error existing between the two sections, and 
can be used as an additional input to the control system 
by the use of a suitable transducer. Since in theory it is 
possible to get complete accuracy over a period of time 
it is possible to relax the accuracy demanded from the 
basic speed-control system, with a corresponding 
simplification and probable increase in_ reliability. 
Industries handling a continuous flow of material such 
as steel strip, fabric, paper, rubber and electric cable 
employ such systems in various forms. It becomes a 
natural step to apply load to such moving rolls to provide 
a known tension in the material whilst it is being pro- 
cessed or coiled. 

So far only systems have been considered where 
accuracy of control is of primary concern; similar 
examples can be cited where the speed of response to 
changes in demanded speed is of more importance than 
the accuracy achieved. The drive for a_ steel-works 
reversing-mill is typical, since the time-constants associ- 
ated with these large generators and motors can be of the 
order of several seconds. The addition of resistance in 
series with the field, whilst effective in reducing the time- 
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constant is uneconomical and provides an exponential 
rise of current with time. A closed-loop speed-control 
system with a high degree of voltage-forcing between 
the exciter and the main field can achieve a similar 
reduction in time of rise without the long exponential 
tail as equilibrium conditions are approached, since the 
inherent forcing effect of the negative feedback endeavours 
to restore the balance of the system. 

Also in the above category is the drive for fully- 
fashioned-hosiery knitting machines where several hun- 
dred changes of speed are required in the forty minutes 
or so necessary to complete the stockings. By ensuring 
rapid acceleration, deceleration and settling to the 
various speeds, considerable time-saving can be achieved. 

Generally speaking, servo-type speed-control systems 
are being applied where it is necessary to maintain 
conditions of manufacture constant so that the end 
product is constant, or an operation is achieved in the 
minimum time. 

Present and future development is centred for a large 
part around the forms of power amplification employed. 
Much work is being done in this country and in the 
United States to improve the characteristics and dynamic 





response of magnetic amplifiers to render their use in 
servo systems more attractive. Transistors, whilst at 
present in their early stages of development, have many 
attractive features for use in this field; their power- 
handling capacity, at present small, is being steadily 
increased and experimental versions are now available 
whose output is measured in watts. 

The development of entirely automatic processes and 
plants has stimulated interest in servo control systems 
of all types. The ease with which co-ordination can be 
achieved by this form of control will mean that it will 
form a part of many future manufacturing processes, 
Where electronic computation forms part of the overall 
system of control, servo mechanisms accepting an 
electrical input will naturally be associated with them. 

The application of servo techniques to the control of 
speed is one contribution towards increased industrial 
productivity which is so necessary in this country. 

The author gratefully acknowledges the assistance of 
the following organizations in taking the photographs 
that illustrate this article: British [ron and Steel Research 
Association; John Bull Rubber Co.; National Coal 
Board; and Walton Hosiery Co. 





The International Commission on Illumination 


HE thirteenth plenary session of the Commission 

Internationale de l’Eclairage (C.I.E.) was held in 
Ziirich from the 13th to 22nd of June and was 
attended by more than 500 delegates from 28 countries; 
the British delegation numbered 109. All the meetings 
were held in the Kongresshaus, where rooms for meetings 
of any size and for secretarial services were available in 
plenty. 

For the first time simultaneous translation was used. 
Every delegate was provided with a headphone and 
selector switch, so that he could follow the speakers in 
any one of the three official languages of the Commission 
(English, French and German). This saved a great 
deal of time and enabled the very heavy programme to 
be dealt with satisfactorily in the limited number of hours 
available. Although there were 36 technical papers and 
36 progress reports from secretariat committees to be 
presented and discussed, the number of meetings held 
simultaneously seldom exceeded two, so that small 
national delegations were able to cover the whole 
programme without excessive strain on the individual 
delegates. 


International Lighting Vocabulary. The progress report 
from the secretariat committee on the new three-language 
vocabulary of terms in illumination and photometry 
indicated that this might be expected to appear within 
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the next twelve months or so. The work is being done 
in close liaison with the International Electrotechnical 
Commission (I.E.C.) so that the lighting section of the 
new edition of the electrotechnical vocabulary, now 
appearing, will be in accord with the C.I.E. lighting 
vocabulary, although the latter will naturally contain 
a number of terms not included in the I.E.C. vocabulary. 
In addition to the definitions in three languages, there 
will be translations of the terms alone in a number of 
other languages. 


Colorimetry and Photometry. In colorimetry the 
redetermination of the data used to define the colour 
vision of the conventional “standard observer” is the 
chief matter of interest. This work, which has been in 
progress at the National Physical Laboratory for the 
last two or three years, is not yet completed, but the 
indications are that the standard curve giving the relation 
between luminous flux and radiant energy throughout the 
spectrum may need slight adjustment in the blue 
region. 

Little change was made in colorimetric or photo- 
metric nomenclature, and the report on photometry 
indicated satisfactory agreement between the various 
national laboratories about the photometry of filament 
lamps. The situation regarding fluorescent lamps is not 
so good and further work is to be carried out. 
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The officers of the C.I.E. and 
heads of national delegations 
to the meetings at Ziirich 


Lighting Design. The aesthetic aspects of lighting were 
discussed at considerable length, partly after the presenta- 
tion of a secretariat report on the estimation of comfort 
in lighting and partly on two papers, one by Mr. J. M. 
Waldram of Great Britain and the other by Mr. Sven 
Hesselgren, an architect, of Sweden. There were a 
number of reports and papers on specialized aspects of 





Some personalities of the C.I.E. "A 


In the foreground from left to right: Professor Fleury (Chairman, 
French National Committee), M. Maurice Leblanc (Vice-President), 
General E. E. Wiener (Chairman, Belgian National Committee), 
Mr. I. Folcker of Sweden and M. M. Jacob of Belgium (Vice- 
Presidents). 
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lighting design, e.g. lighting for indoor and outdoor 
sports, museum lighting, school lighting, etc. 

Among the outstanding reports presented by different 
National Committees were one on lighting in “hazardous 
and corrosive” situations (from Great Britain), one on 
daylight (from Australia) and one on the colours of 
signal lights (from the United States). 


Technical Papers. There have always been two schools 
of thought as to the desirability of including technical 
papers, written by individual authors, in the Commission’s 
programme. It is held, on the one hand, that the main 
function of the Commission is to “take stock”’ of lighting 
progress throughout the world by means of the progress 
reports and, when it seems appropriate, to initiate 
international agreements on, for example, such matters 
as definitions or the basis of colorimetric measurement. 
On the other hand it has been argued that one of the 
important activities of the C.I.E. should be to act as an 
international illuminating engineering society. Certainly 
some of the papers presented at Ziirich were of a high 
standard. A few have already been mentioned but there 
were others dealing with such subjects as the colour 
rendering of fluorescent lamps, mine lighting and the 
relation between street lighting and accidents. All these 
contained a good deal of important material and pro- 
voked really worth-while discussions. 


Social Events. The programme of entertainment 
arranged by the Swiss National Committee was excellent. 
It included a trip by lake steamer to the old town and 
castle of Rapperswil and a sight-seeing tour of Berne, 
besides the official banquet, while on Sunday there was 
an all-day excursion to the now famous beauty spot on 
the lake of Lucerne, the Biirgenstock. There were also 
a number of technical visits of great interest and special 
trips for the ladies accompanying delegates. 


The next (fourteenth) plenary session is to be held in 
Belgium in 1959. 
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BYBERUSLYIGS and all that 


By Professor A. TUSTIN, M.Sc., Member 








Professor Tustin, who holds the Chair of Electrical Engineer- 
ing at Imperial College, University of London, writes here 
on some ideas suggested by a new edition of Dr. N. Wiener’s 
well-known book “The Human Use of Human Beings.” 


EFORE 1948 the work of Dr. Norbert Wiener on 

such topics as the Fourier integral had long been 
familiar to mathematicians and their fellow travellers in 
the applied sciences. It was the publication in that year 
of his book “Cybernetics, or Control and Communication 
in the Animal and the Machine,” that made Wiener’s 
ideas widely known both to engineers and to the sort of 
people who read that sort of book. This work was 
about the future possibilities of automatic mechanisms. 
It was an intoxicating brew, with an unusual power to 
convey mental excitement. It had a vivid style, it 
dispensed with “if” and “but,” and it was curiously 
interlarded with excerpts from statistical mathematics, 
which for most readers acted like cabalistic inscriptions 
and added to the sense that high and potent mysteries 
were present if not completely unveiled. 

Not unnaturally, as Dr. Wiener has explained, his 
friends urged him to write a related book for the layman, 
avoiding this “rather forbidding mathematical core,” 
and the result appeared in 1950 under the title “The 
Human Use of Human Beings.” A new and revised 
edition of this book has recently been published,* which 
provides the occasion for this review. 

These books have been widely read. The ideas they 
express have been spread by scientific journalists and 
writers of science fiction. They have contributed to 
colouring the ordinary man’s idea of the scientific 
future. They may even have diverted some extra 
investment into the electronic industry. 

It is the purpose of this article to try to summarize the 
essentials of what Dr. Wiener says in these books. He 
has raised questions on which realism and clarity are 
desirable. The provocative and dramatic quality of his 
writing has done the service of awakening much interest 
in these questions, and an attempt at sober appraisement 
of his ideas must be taken to be an acknowledgment of 
their importance, even if the conclusion is reached that 
they are not free from extravagances and lack of 
perspective. 

It is not easy to summarize a book that brings to mind 
the picture of a kindly and eager personality sitting back 


* Eyre and Spottiswoode. 199 pp. 18s. 
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after dinner and discoursing on anything from the 
significance of the epidermis of the ant to the possibility 
of travelling by telegraph. When the argument is 
stripped, perhaps unfairly, of its incidental wit and its 
easy, popular exposition of particular mechanisms, one 
may perhaps pick out the following propositions as 
representative of Dr. Wiener’s line of thought. 

It is asserted that the world is entering upon a second 
industrial revolution, arising from electronics and feed- 
back mechanisms. The automatic age will be in full 
swing within twenty years, or within five years if stimu- 
lated by war. Then, the reader is told, factories will be 
like living organisms, with sense organs, proprioceptors, 
and “effectors” or muscles. Electric computers, their 
parts mass-produced, costing only a few thousand 
dollars each, will be “‘quite adequate for factory control.” 
A result will be “‘an unemployment situation, in compari- 
son with which . . . even the depression of the thirties will 
be a pleasant joke”! 

Besides this somewhat disturbing vision, the book 
expresses views on a wide variety of topics, by indicating 
the contributions that the “theory of communication” 
is supposed to be making to the fundamental under- 
standing of human society and of the nature of man and 
of mind. By the “theory of communication” is meant 
that body of quantitative relationships that is useful in 
assessing the extent to which random disturbances may 
make messages indecipherable. It seems to be implied 
not only that this branch of applied mathematics provides 
the best available approach to the understanding of 
human society, but that, because the nervous system 
transmits messages, it also provides a mechanistic 
explanation of the mind of man. 

These somewhat astonishing assertions are not wholly 
false, but exaggeration and lack of qualification in an 
assertion may sometimes be equivalent to falsity. Let 
us consider them in turn. 

To attribute the present rapid rate of technical change 
pre-eminently to electronics and feedback systems is 
quite arbitrary. One could make a similar case for the 
progress in metals and cutting tools, chemical synthesis, 
antibiotics, aviation, atomic power, etc. Many com- 
monly-cited examples of “automation” such as the 
transfer machines in the automobile industry use neither 
electronics nor feedback and are examples of the 
continuing progress of mechanization, in which the 
electronic valve is one important new asset. 

This progress in mechanization is indeed rapid, but its 








n the 
ibility 
nt is 
nd its 


, One 
nS as 


cond 


1 full 
timu- 
ill be 
tors, 
their 
sand 
rol.” 





rate is subject to the constraint that mechanization will 
be undertaken only where it results in reduction of total 
cost. It is both possible and good fun to devise ways 
in which the operations of a factory might be completely 
mechanized, but there is only a restricted class of 
operations in which the direct labour saved is not more 
than offset by the indirect labour involved in producing 
and maintaining equipment of the necessarily elaborate 
kind, and everyone who has made such estimates must 
realize how rarely the net gain is spectacular. The chief 
cause of slumps is now well recognized to be inadequate 
investment. A spate of mechanization could. more 
convincingly be considered to incur risk of an inflationary 
boom than a risk of depression and unemployment. 

Turning from these matters of practical judgment to 
the larger philosophical questions of the nature of man 
and society, Dr. Wiener implies that mental phenomena 
are likely ultimately to be explicable in terms of the 
concepts of physics. Thus he is a “mechanist,” and it 
naturally follows that he approaches social problems as 
though human society were a set of intercommunicating 
machines, the responses of which have been “‘conditioned” 
by their past operation. Thus he sees the “theory of 
communication” as the logical approach to the discus- 
sion of social problems. 

The assumption that all our experience, including those 
parts of our experience that we refer to as mental, such 
as sensation and consciousness, may ultimately be 
subsumed under physics, has often been made, and as 
often refuted. Some progress is being made in under- 
standing the physical processes of the nervous system, 
but there seems to be no indication in Wiener’s account 
that he appreciates where the mechanist’s assumption 
must be radically qualified. The point at issue may be 
illustrated, for example, in respect of sensation, say the 
sensation of colour. The mechanist describes how, 
when electromagnetic waves of certain frequencies enter 
the eye, different sets of nerve fibres become activated, 
depending not only on the part of the retina on which 
the disturbance impinges but also on the frequency of 
the wave. The neuro-physiologist is tracing these 
excitations and their complex consequences in the 
production of characteristic patterns of discharges on the 
visual projection-area of the brain. So far, so good. 
Information theory is applicable here, since it is the 
collection of mathematical relations that is useful in 
quantitative assessment of how far signals are still 
distinctive when codified and when disturbed by un- 
certainty in elemental responses. But an_ essential 
phenomenon is not yet mentioned. It is the experience 
of, say, blueness when some nerve fibres discharge, and, 
Say, yellowness when other fibres discharge. These 
events, the distinctive experience of blueness or yellow- 
ness, are outside the vocabulary of physics. To a 
Physicist as such they ‘“‘need not happen,” no matter 
what complex pattern of depolarizing membranes he 
may describe. But they certainly do happen. There 
are thus aspects of our experience with which the present 
concepts and vocabulary of the physical sciences simply 
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cannot cope, not because of lack of skill, but because 
physics deals with objects. Sensations, thoughts, dreams 
and the “mental” aspects of our experience are not 
objects. The present writer’s view is that we may ulti- 
mately emerge from this impasse through an enlargement 
of physics into what might be called psycho-physics, 
meaning a descriptive and causal scheme in which physics 
is extended by the recognition that there are phenomena 
of the nature of awareness and sensation that are 
essential elements or aspects of the universe which it is 
the task of science to map. 

A short review is not the place to carry this argument 
further. The purpose of introducing it is to point out 
that Dr. Wiener’s contribution is a highly partisan sally 
from the “behaviourist” fortifications, and not the con- 
structive attempt that is so badly needed, and for which 
the times are surely ripe, to bring into relationship our 
knowledge about physics and cosmology and our human 
and ethical problems. 

The ideas that Dr. Wiener expresses about our social 
problems arise in his trying to see how the quantitative 
relationships applicable in feedback systems and in 
communication may also be used in discussions of 
human relations. This is useful and occasionally 
fruitful, though very surprisingly he omits reference to 
quantitative economic analysis, which is the branch of 
social science to which these techniques most directly 
and indisputably apply. The possible danger associated 
with this approach is that it neglects and may belittle 
the opening up of what is surely the main road to under- 
standing in the social sciences, namely the elucidation of 
the mechanisms of human motivations and of the way 
in which conflicts of motivations are resolved and 
sublimated. 

This is perhaps the most important of all the fields of 
science, and yet it is closed to the mechanist as such, 
because he rejects all its principal data as “‘subjective.” 
But it remains true that “a proper study of mankind is 
man,” and while we may welcome contributions to that 
study from mathematical physics it is to be hoped that 
this will not confuse our efforts to disentangle the forms 
and regularities of our subjective experience, and the 
appreciation that there is a proper field for the elucida- 
tion of the emotional and ethical parts of our experience; 
this elucidation can be thought of scientifically, but 
it deals with mental events and need not wait upon the 
day when these may be related to patterns of nerve-cell 
discharges. 

Fortunately Wiener the mechanist has not completely 
subjugated Wiener the man, and there does emerge from 
his pages an impression of a warm concern for his fellow 
men, courage in expressing what he believes, and a sense 
of the tragedy that is mixed with the comedy of life. 
The fact that, if his own views are true, these sentiments 
are only the flutterings of a box of relays, does not seem 
to trouble him, and so perhaps we need not let it trouble 
us. The relays that are ourselves will register gratitude 
to him for these sentiments and for the stimulus and 
provocation he has given us. 
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NEWS from Abroad 





















KENYA 


Power for Nairobi 


The development of East Africa and the consequent 
expansion of industry in Nairobi have created a demand 
for more electrical power, and this has been met by the 
construction of a new hydro-electric power station near 
Fort Hall on the Tana River, known as the Low Tana 
scheme. For two-and-a-half years, in the heart of the 
Mau Mau area, some 70 Europeans and up to 2000 
Kikuyu worked on the £1 500000 project. It was com- 
pleted two months before the official opening by the 
Governor of Kenya, Sir Evelyn Baring, on the 3rd August, 
1955. The new plant will supply Nairobi with an 
additional 8000 kW. 

The Tana is a river born of countless tributaries from 
the flanks of the Aberdares and Mount Kenya itself. 
In a wide sweep northwards on its journey to the Indian 
Ocean the river bars the southern limits of the arid desert 
regions of Kenya’s Northern Frontier Province. Its 
length from source to sea is judged to be more than 
450 miles, but only about 200 miles are navigable, even 
to small river craft. 

The Tana power station was built up in three phases— 
the original Tana scheme in 1933 which cost £64000; 
extension to this 20 years later costing £116000 and 
finally the Low Tana scheme itself at a cost of £1 500000. 

The Wanjii power station, which is a few miles from 
the Tana power station, is virtually a part of the same 
scheme. Wanjii makes use of the Maragua and Mathioya 
rivers, tributaries of the Tana. This scheme was also 
built in three phases between 1952 and 1954, at a total 
cost of £1 270000. 

Together the two schemes can produce, at periods of 
high river flow, 21 800 kW, about two-thirds of Nairobi’s 
total needs at present. 

In order to bring the Tana river to the power station, 


A general view of the Merila barrage in the Low Tana scheme its storage capacity. 





it was necessary to blast a 14-mile-long tunnel out of the 
solid rock at an average depth of 150 ft below the surface, 
The Merila tunnel, as it is called, is the first tunnel in 
East Africa to be completely lined with concrete. It is 
11 ft high and 10ft wide, and ends at a surge chamber 
200 ft above the power station. The building of this 
tunnel involved the excavation of about 75000 tons of 
rock and required 22000cu.yd of concrete to line it. 
Where the tunnel approaches the pressure pipe which 
conveys the water to the turbines in the power station, 
it is lined with steel for a distance of 315ft. Between the 





A siphon at the Merila barrage. It operates automatically and 
helps to discharge surplus water when the river is in flood 





end of the tunnel and the pressure pipe a control valve 
8ft 9in in diameter is provided to control the flow 
of water to the turbines automatically. 

High-level dams which can provide a useful head of 
water and considerable storage capacity are not suitable 
in this terrain, one of the troubles being that when the 
rivers are in spate they carry huge quantities of soil from 
the eroded land. If checked and allowed to settle this 

would quickly silt up a dam and reduce 
Therefore, at the 
Merila barrage, four large sluice-gates were 
constructed so that flood water could rush 
through taking the silt and sand with it. The 
gates can be operated manually, or elec- 
trically by remote control from the power 
station. Two self-operating siphons have 
also been installed to assist in the relief of 
flood water. 

The power station consists of an exten- 
sion of the existing Tana station and 
houses two water turbines which are encased 
in concrete and operate at a pressure corre 
sponding to a hydraulic head of 192ft. 
These turbines provide the motive power to 
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Sketch map illustrating the Low Tana scheme 


Fort Hall lies approximately 45 miles north-east of Nairobi. 
K.U.R. = Kenya and Uganda Railway. 





drive two 4000kW alternators. As a result of the 
extension, new switchgear and a control board have 
been provided for the control of the switching opera- 
tions on all five machines in the power station. 


The two 25-ton 4000 kW alternators for the Low Tana 
scheme were brought separately by road from Mombasa 
on a giant lorry and trailer which had to travel via 
Moshi and Arusha, as the bridges on the Mombasa 
road would not have been able to take the weight. 


Houses were built for the workers at Low Tana who 
at one time numbered 70 Europeans—including wives 
and families—and about 2000 Africans, all Kikuyu. 
A club, tennis courts and other facilities were also pro- 
vided. Because the barrage was built in the Mau Mau » 
trouble area the contractors had their labour problems, aaah 
but the work was never held up in spite of the fact that is 
police screening of the Kikuyu labour sometimes resulted 


in 400 men having to be replaced. 


The Wanjii scheme was made possible through the help 
and co-operation of the local Kikuyu chief, Joseph 
Wanjii, who presented his land to the contractors. 
As a young man Chief Wanjii was a war leader of the 
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can best be judged by the 
fact that seven years ago 
a power of 8000kW was 
all that the capital needed 
at peak periods, while 
the present maximum 
demand is about 
33000kW. A pointer to 
Kenya’s future require- 
ments is the 132kV 253- 
mile double-circuit trans- 
mission line which is to 
be constructed during the 
next 24 years to bring a 
supply of Owen Falls 
power from the Uganda 
border to Nairobi. The 
3-phase circuit will be 
tapped at various points 
en route and will deliver 
an additional power of 
43500kW to Kenya. 























A view of the Tana power station from the hillside, showing in the 
foreground pipes leading to the station, and on the right the 
switchgear and transformers. The pipes shown are those of the 
original Tana scheme, the new pipe lying off the picture to the left 





Kikuyu tribe and for many years he was a teacher at a 
local African school. He has made many gifts of land 
to missions, the Administration and public services, has 
been a pioneer of agrarian and social reforms, and is a 
determined enemy of Mau Mau. He was given a gold 
watch at the official opening in recognition of his 
services. 

its passage to the sea to-day. 


The tremendous increase in the demand for electricity 


Tentative plans have already been made to harness the 
power of the Seven Forks Falls, also on the Tana river, 
at an estimated cost of £12000000. 

At one time the river was considered by experts to be 
“not very useful” but it is certainly being made to work 
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BURMA 
London v. Rangoon 


Institution activities in Burma are necessarily limited by 
the small number of members and most meetings are 
held in conjunction with some other organization. 

Earlier this year, Mr. F. H. Sharpe, a member of the 
Overseas Activities Committee, visited Rangoon. Unfor- 
tunately, owing to the vagaries of the local postal system, 
Mr. Sharpe’s actual arrival preceded its confirmation, 
and it was not possible to arrange for him to address a 
meeting as was intended. Mr. Sharpe, however, did 
meet some of the local members of The Institution. 

In March, 1955, a talk was given by Mr. C. H. Mellor 
on Some Factors affecting the Distribution of Electricity 
in an Urban Area, at a meeting held under the auspices 
of the Association of Supervising Electrical Engineers. 
The talk was followed by a discussion. 

On May 18th Mr. D. W. Soughan, a visitor to Rangoon, 
gave a talk to members and their friends on the Snowy 
Mountains hydro-electric project in Australia, which was 
illustrated by some very fine coloured photographs. The 
talk was followed with great interest, and there was some 
discussion afterwards. An article by Mr. Soughan will 
appear in a future issue of the Journal. 

On August 25th Mr. R. D. Neale read a paper on 
The Supply of Electricity in the London Area by Mtr. 
D. B. Irving, at a meeting held under the auspices of the 
Association of Engineers in Burma. The paper was 
followed by an animated discussion, in which com- 
parisons between electrical supplies in the London and 
Rangoon areas were made. Some figures and a summary 
are given below. 


London Rangoon 
Area <a .. 257 miles2 80 miles2 
Number of power stations ad 28 1 
(with 1 thermal 
and 1  hydro- 
electric station 
being built). 
Capacity , 3250 MW 30 MW 
Number of high voltages i in use .. 18 2 
Number of utilization voltages .. 20 1 
Maximum demand 1750 MW 16 MW 
Units sold .. 5067 x 106 50 x 106 
Transformer capacity ‘i . 34 x 106kKVA 3 x 104kKVA 
High-voltage cables (above 11 kV) 700 miles 19 miles 
in service 
6-6kV cable 22000 miles 130 miles 
Low-voltage mains 7400 miles 200 miles 
Public-lighting mains : 1 100 miles 150 miles 
Electrical efficiency (i.e. units sold 88-49% 87-5% 
expressed as a percentage of units 
bought) 
Ratio of industrial to non-industrial 0-27 0-26 
consumption 
Growth of demand per annum .. 5-7% 10% 


It was noted that the electrical efficiency in Rangoon 
compares very favourably with that in London and that 
the proportions of industrial load in each city are not 
dissimilar. It was therefore thought that there is a 
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wide margin for development in Rangoon of commercial 
and domestic consumption. The present rate of growth 
in Rangoon is somewhat larger than it is in London. 
Rangoon is fortunate in having one utilization voltage 
only. 

Steps taken to meet the anticipated growth in Rangoon 
include the extension of the present 30 MW station at 
Ahlone to 40 MW and the construction of a new thermal 
station at Ywama with a capacity of 20 MW, ultimately 
to be extended to 30 MW. In addition, a hydro-electric 
station at Balu Chaung some 240 miles away from Ran- 
goon is in the early stages of construction. It is proposed 
to run a 230kV transmission line to Rangoon which is 
to be initially operated at 132kV. An intake substation 
is to be built at the northern extremity of the Rangoon 
area from which a power of some 60 MW will be available. 
This scheme is scheduled for completion in 1957-58. 
At a later date, it is intended to construct a second intake 
to the east of the Rangoon area. Distribution is planned 
on the basis of a 33 kV wide-meshed network which will 
supply into a finer-meshed network at 6-6kV; this will 
in turn supply the small-meshed 400/230-volt network. 
In order to make the protection as simple as possible 
most cables will operate as radial feeders, for the bulk 
of the high-voltage system is underground and the 
incidence of cable faults is low. 

Reference was made in the paper to the difficulty of 
acquiring sites in London for transformer stations. The 
same problem exists in Rangoon. 

It was noted that in London tests are not made on 
installations in houses when changes of tenancy take 
place. In Rangoon, it has been found advisable to 
change the meters on these occasions in order that the 
incoming tenant shall not be accused or suspected of any 
interference with the meter for which the outgoing 
tenant may have been responsible. C. H. M, 


OVERSEA ATTENDANCE REGISTER 


During the period Ist August to 3ist August, 1955, the 
following members called at the Institution Building and 
signed the Attendance Register of Oversea Members: 


BELLE, A. D., B.Sc.(Eng.) (Kuala Lumpur). 
BENTLEY, C. O. H. (Singapore). 

BOTTING, E. L., LT.-COL., R.E., M.A. (Rawalpindi). 
BROOKS, J. V., B.E. (Melbourne). 

BURGESS, S. L. (Qatar, Persian Gulf). 

CLARKE, R. (Santos, Brazil). 

COATES, A. G. (Tripoli). 

COOPER, D. G., B.Sc.(Eng:) (Blantyre, Nyasaland). 
D’CRUZ, J. (Nairobi). 

DE ABREW, W. E. (Colombo). 

DUNCAN-SMITH, E., COL., D.Sc. (Amman, Jordan). 
DUTTON, T. (Monterrey, N.L., Mexico). 

GEE, W. C. (Port Moresby, Papua, New Guinea). 
HARMER, L. B. (Hamilton, Bermuda). 
HERMANSON, R. A., B.Sc.(Eng.) (Johannesburg). 
NEEDHAM, J. F. W. (Kingston, Jamaica). 
ODELL, H. A. (Tripoli). 

PITTS, W. A. (Krugersdorp, Transvaal). 

STEVENS, A. G. (Adelaide). 

STOCK, J. M., O.B.E., M.Eng. (Kampala, Uganda). 
SUBBA RAJU, D. V. (East Godavary, India). 
WEBSTER, W. A. (Accra). 
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DIGBSLS of Papers in the Proceedings 





Servo Fidelity 


A DIGEST OF A MEASUREMENTS SECTION PAPER (No. 1865) 
ENTITLED “THE INTEGRAL-OF-ERROR-SQUARED CRI- 
TERION OF SERVO MECHANISMS,” BY H. H. ROSENBROCK, 
B.SC.(ENG.), PH.D., ASSOCIATE MEMBER. THE FULL PAPER 
WAS PUBLISHED IN SEPTEMBER, 1955, IN PART B OF THE 
PROCEEDINGS. 


THE OUTPUT of a servo mechanism is never a completely 
faithful copy of the signal it is required to follow, owing 
partly to inherent limitations of the mechanism and 
partly to the presence of noise. Some measure of the 
faithfulness of reproduction of an applied signal is there- 
fore required by the designer so that he can assess the 
merits of different possible designs. One such measure 
is obtained by squaring the difference between actual 
and desired outputs and integrating over a sufficient time 
interval. 

The resulting quantity S can be used as a criterion of 
performance. It is mathematically convenient, since it 
has an additive property not only in time but also in 
frequency. Nevertheless, with a step-function input the 
criterion leads to systems which are too lightly damped, 
and for this reason alternative criteria have been 
proposed. 

This situation is examined in the paper, and it is 
suggested that S may be a suitable criterion in many 
applications provided that the input with which it is 
used is that which the servo mechanism is required to 
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1 Diagram from which the contribution to S from the signal 
can be obtained for a given servo mechanism 





accept. A simple graphical method for obtaining S is 
presented. Values of a quantity obtained from the 
Nyquist diagram are plotted as ordinates against 
abscissae related to the spectrum of the signal or noise. 
The area under the resulting curve gives directly the 
part of S due to signal or to noise. 

Fig. 1 shows curves of this sort for a particular 
servo mechanism and a particular signal. The ordinate 


y is 1/|1 + G|? where G is the open-loop gain. The 
abscissa x is [ Horde, where ¢(w) is the power 
0 


spectrum of the signal. It follows that the area under 


foe) foe) 

each curve | y = dw -| ae dw, and it can be 
0 0 

shown that this integral is equal to 7S. 

For the example ¢(w) is assumed proportional to 
e~'%, and the servo mechanism is a Ward Leonard set 
driving an inertia load, the generator having a split 
field fed differentially by a valve amplifier. Curves are 
given for different values of amplifier gain, and the area 
under each gives the corresponding value of S. The 
values of w in the diagram are marked at distances x 
from the origin, and the scale of w is open at frequencies 
where the power in the signal is large, but closed-up 
where the signal contains little power. When the gain 
is low the contribution to S arises from a wide band of 
frequencies to which the system fails to respond. As the 
gain is increased the contribution to S from the lower 
frequencies is reduced, while there is an increasingly 
large contribution from a narrow range of frequencies 
near the resonant frequency of the servo mechanism. 
There will be a certain value of the gain which makes 
Saminimum. From such diagrams the effect of changes 
in the parameters may be assessed, and the form of the 
curves may suggest appropriate modification of the 
system. 


Heater-Cathode Insulation Breakdown 


A DIGEST OF A RADIO SECTION PAPER (No. 1857) ENTITLED 
“SOME EXPERIMENTS ON THE BREAKDOWN OF HEATER- 
CATHODE INSULATION IN OXIDE-CATHODE RECEIVING 
VALVES,” BY G. H. METSON, M.C., B.SC.(ENG.), M.SC., PH.D., 
ASSOCIATE MEMBER, E. F. RICKARD, B.SC., AND F. M. 
HEWLETT, B.SC. THE FULL PAPER WAS PUBLISHED IN 
SEPTEMBER, 1955, IN PART B OF THE PROCEEDINGS. 


TUNGSTEN FILAMENTS used for indirectly heating oxide- 
cathodes in receiving valves are usually insulated from 
the metallic cathode core by a coating of sintered alumina 
powder. Alumina is a good insulator even at high 
temperatures but, as used on cathode heaters, is liable 
to sudden failure when the heater is operated at a positive 
potential with respect to the cathode. Under accelerated 
test at 1700°K the insulation life was ascertained to 
be at least 100 times greater if the heater potential was 
negative. The failure is associated with the production of 
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characteristic circular, stained patches on the heater 
coating (Fig. 1). 





1 Valve cathode heater, showing typical breakdown stains in 
alumina insulation 





In the experiments described, batches of valves were 
run with heaters at a constant positive potential with 
respect to the cathode. Analysis of the results shows 
that the average life of the insulation is exponentially 
related to the inverse of the operating temperature, and 
that within a batch the distribution of individual lives is 





2 Alumina tubes after 500-volt breakdown test at 1800° K 


Upper tube, normal sintered, appearance after 10 hours. 

Lower tube, surface-fused, appearance after 300 hours. 

} os follow the line of the spiral cathode removed after 
est. 





roughly exponential, indicating a probability of failure 
which is constant throughout the life of any one valve, 
By studying simplified systems in which a sintered 
alumina tube separated a conventional heater from a 
platinum-wire cathode, it was found that the final 
breakdown arc was preceded by an indeterminate period 
of induction during which the cathodic region of the 
alumina became stained and also contaminated by 
tungsten from the anodic heater. This period was also 





3 Conventional heater after failure by fracture at heavily 
stained part of insulation 





characterized by discharge noise of increasing intensity 
in the circuit. These phenomena were all found to be 
suppressed or delayed, even under severe operating con- 
ditions, by using sapphire (monocrystalline alumina) or 
a sintered tube of which the surface had been flame- 
glazed (Fig. 2). It is suggested that the unidirectional 
nature of the breakdown and its apparent dependence 
on both heater temperature and porosity of alumina can 
be explained by the production at the heater surface of 
positive tungsten ions, which, in their passage towards 
the cathode, cause local increases in conductivity and 
field strength. Beyond a certain stage the process is 
self-accelerating and ends in a local arc which lightly 
welds the heater to the cathode and is detected as a 
short-circuit. The authors believe that this type of fault 
can frequently occur without being detected owing to its 
clearance by mechanical vibration. The sites of heater 
failure by fracture or burn-out sometimes coincide with 
typical breakdown stains, and it is possible that some 
faults reported as “heater open” may have originated in 
faults that would have been reported as “‘heater insulation 
failure.” An example is shown in Fig. 3. 


Microwave Milliwattmeter 


A DIGEST OF A RADIO SECTION PAPER (No. 1888) ENTITLED 
“A MILLIWATTMETER FOR CENTIMETRIC WAVELENGTHS,” 
BY A. C.GORDON-SMITH. THE FULL PAPER WAS PUBLISHED 
IN SEPTEMBER, 1955, IN PART B OF THE PROCEEDINGS. 


IN THE PAST the water calorimeter has been widely used 
as a standard for measuring microwave power but it 
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(b) ©) (d) (e) 











8 Waveguide. 











6) Liquid pellet in capillary 
tube. 








ube. 
(c) Metal plate. 





(d) Carbon strip. 
(e) Glass cell. 


requires a power of about 10 watts for satisfactory 
operation. The instrument described is suitable as a 
reference standard for power levels between 10 and 
100mW and has a discrimination of 0-2mW. So far 
it has been used only at a wavelength of 3cm but there 
seems to be no reason why it should not be designed for 
longer or shorter wavelengths. 

The milliwattmeter, shown in Fig. 1 above, is essentially 
a differential air thermometer, which is placed in the 
waveguide carrying the power to be measured. It con- 
sists of two identical thin-walled glass cells connected by 
acapillary tube. A carbon-coated strip is placed in each 
cell: one strip absorbs the radio-frequency power and 
the other is heated by direct current. A liquid pellet in 
the capillary tube serves as an indicator of the difference 
in the air pressure in the two cells arising from the heat 
dissipated in the carbon strips. The latter are tapered 
as shown in Fig. 2 in such a manner that a good matched 








- PMMA AOOoxooO9 








2 Glass cell and carbon strip in perspective 





load is provided and no additional impedance trans- 
formation is required. 

After balancing the system by adjustment of the 
d.c. cell, the radio-frequency power is finally determined 
by the measurement of the equivalent d.c. power which 
must be substituted for radio-frequency power in order 
to preserve the state of balance. 

The instrument has been compared with a thermistor 
bridge previously standardized in terms of a water 
calorimeter and agreement was obtained within the 
experimental accuracy of +2%. 


Television Aerials 


A DIGEST OF A RADIO SECTION PAPER (No. 1890) ENTITLED 
“V.H.F. AERIALS FOR TELEVISION BROADCASTING,” BY 
G. J. PHILLIPS, M.A., B.SC., PH.D., ASSOCIATE MEMBER. 
THE FULL PAPER WAS PUBLISHED IN SEPTEMBER, 1955, 
IN PART B OF THE PROCEEDINGS. 


MECHANICAL CONSIDERATIONS in multi-tier v.h.f. broad- 
casting arrays often demand a metal support mast of 
cross-section comparable in dimensions with a wave- 


length. The paper describes some designs being developed 
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1 Systems for horizontal polarization 


Upper figures are plan views. -—> In-phase radiating currents. 
- > Radiating currents in phase quadrature. 

Lower figures are horizontal-radiation patterns from relative-field- 
strength measurements with models at 450 Mc/s. 
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2 Small-scale model of an aerial for television transmission 
in Band I 
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in the British Broadcasting Corporation 
to meet this requiremeng. 

Fig. 1 (p. 641) gives plans of systems radi- 
ating horizontally-polarized waves, together 
.with their horizontal radiation patterns. 
At (a) is shown the widely used Super- 
turnstile aerial and at (5), (c) and (d) 
some newer systems which, unlike the 
former, are designed for mounting 
around relatively fat masts. 

In a Superturnstile aerial the four 
radial elements of one tier are fed in 
phase rotation. A special feature is the 
use of wide-band batwing elements 
rather than quarter-wave rods as in the 
original turnstile aerial. Their use also 
in some newer systems employing in-phase 
feeding is seen in the photographs. Fig. 2 
(p. 641) shows a 450 Mc/s model of system 
(c); two tiers of this directional array, 
scaled up in proportion to wavelength 
and improved mechanically, will be used 
for the Norwich television station in 
Band I. Fig. 3 is a half-scale model of 
one tier suitable for vertically polarized 
transmission in Band III from a 6ft- 
6in-diameter metal cylinder. The four 
elements, fed in phase, give a satisfactory radiation 
pattern and impedance over a +10% band of 
frequencies. 


Distributed Amplifiers 


A DIGEST OF A RADIO AND TELECOMMUNICATION 
SECTION PAPER (No. 1889) ENTITLED “ON DISTRIBUTED 
AMPLIFICATION,” BY D. G. SARMA, M.SC. THE FULL 
PAPER WAS PUBLISHED IN SEPTEMBER, 1955, IN PART B 
OF THE PROCEEDINGS. 


MANY MODERN ELECTRONIC APPLIANCES demand amplifiers 
having high gain combined with large band-width. 
Unfortunately, these two characteristics are incompatible 
in the usual type of amplifier, in which the valves function 
in cascade: if the gain is increased, the band-width 
decreases, and vice versa. 

This drawback can be obviated in the so-called 
distributed amplifiers in which the signal to be amplified 
is fed into an artificial transmission line—called the grid 
line—with a given phase-shift/frequency characteristic, 
the far end of the line being properly terminated. The 
signal travelling in the transmission line is picked up by 
a number of amplifying valves from different points 
along the line and the amplified signal injected into 
corresponding points along a second transmission 
line—called the anode line—having an identical phase- 
shift/frequency characteristic. At the termination of the 
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3 Small-scale model of an aerial 





second line the signal components from the different 
amplifying valves add together to give an amplified output, 
The overall-gain/frequency and phase-shift/frequency 
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1 Theoretical gain and phase-shift plots of distributed amplifier 
for different m values of the anode line m, and the grid 
line m, 


----  Unstaggered: mp = mg = 1°14. 
Staggered: mp = 1-14; mg = 1-40. 








characteristics of the amplifier are governed by the 
artificial transmission lines generally consisting of 
constant-k low-pass filter sections or m-derived filter 
sections with m> 1. The band-width of such amplifiers 
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can be increased to very large values by increasing the 
cut-off frequency of the transmission lines and the gain 
may be increased by adding more amplifying valves to 
the system. Unfortunately, however, the gain and the 
phase shift of such amplifiers deviate very much from 
the ideal flat-amplitude and linear-phase characteristics. 
A typical plot is shown in Fig. 1, where the gain A and the 
phase shift ¢ of an amplifier employing m-derived sections 
are shown by dotted lines. 

In the paper a method of improving the gain/frequency 
as well as the phase-shift/frequency characteristics of 
distributed amplifiers is discussed. The method consists 
in staggering the two transmission lines in phase, and it 
is shown that by choosing different m values for the anode 
and grid lines (making their phase-shift characteristics 
different) the gain characteristic may be substantially 
flattened and the phase characteristic made linear, as 
shown by the full-line curves in Fig. 1. Similar, though 
less remarkable, improvements may be obtained in 








2 Photographic record of the response to a step input voltage 
of the unstaggered and staggered distributed amplifiers 
corresponding to Fig. 1 


(a) Unstaggered. (6) Staggered. 


amplifiers employing the constant-k LC-filter network 
for the transmission lines by making the anode and grid 
line cut-off frequencies different. 

The effects of staggering on the transient response of 
distributed amplifiers were also studied experimentally. 
Significant reductions in the overshoot as well as in the 
decay time of the oscillations were obtained. Figs. 2(a) 
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and 2(b) show the step responses of amplifiers corre- 
sponding to the dotted and full-line curves of Fig. 1. 

The possibility of using different types. of network 
for the anode and grid lines is also discussed. It is 
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3 Theoretical plots of gain A and phase shift ¢ for distributed 
amplifier with bridged-T network in the grid circuit and 
m-derived network in the anode circuit 








found that bridged-T all-pass sections may be used for 
the grid line, and m-derived low-pass sections for the 
anode line. Suitable choice of the components yields 
a very linear phase-shift characteristic and a drooping 
gain characteristic, shown in Fig. 3. 


imperfect Waveguides 


A DIGEST OF A RADIO AND TELECOMMUNICATION 
SECTION PAPER (No. 1841) ENTITLED “THEORY OF IM- 
PERFECT GUIDES: THE EFFECT OF WALL IMPEDANCE,” 
BY A. E. KARBOWIAK, PH.D. THE FULL PAPER WAS 
PUBLISHED IN SEPTEMBER, 1955, IN PART B OF THE 
PROCEEDINGS. 


THE CONCEPT OF IMPEDANCE—which is an old one so 
far as the circuit problems of electrical engineering are 
concerned—has in the past few decades gradually 
percolated into field problems. The power of the 
impedance approach, when applied to the field problems 
of electrical engineering, cannot be over-estimated and 
many applications are yet to be discovered. The concept 
of surface impedance Z, is used throughout the paper to 
examine the performance of imperfect waveguides. 
Surface impedance is defined as the ratio of the tan- 
gential (to the surface S) components E, and H, of the 
electric- and magnetic-field vectors respectively, thus: 
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The engineering importance that can be attached to 
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the quantity Z, arises from the fact that it can be looked 
upon as a physical characteristic of a waveguide (in the 
same way as impedance is a physical characteristic of a 
component in an electric circuit). Further, surface 
impedance plays the same kind of role in waveguide 
transmission as the loading (continuous or uniformly 
distributed) per unit length does in a twin-wire (or 
coaxial) transmission line. For example, if we let the 
loading impedance be Z,= R+jwL then, provided 
that Z, is not too large, the attenuation is proportional 
to R, while L affects the phase velocity of the wave. 
Similarly, in waveguides, if we let the surface impedance 
be Z, = R, + jX,, then provided that Z, is not too 
large, the attenuation is proportional to R,, while X, 
affects the phase velocity of the wave. Furthermore, in 
cavity resonators the band-width measured at half-power 
points (= 1/Q, where Q is the Q-factor of the circuit) 
can be shown to be proportional to R,, while the shift 
in the resonant frequency from that of a perfect cavity 
is related linearly to X,. 

The paper gives a complete analysis of imperfect 
waveguides and cavity resonators of rectangular or 
circular section. The formulae derived are accurate 
provided that the normalized (with respect to free space) 
surface impedance is a small quantity. Under this con- 
dition the problem for any physical guide can be solved 
in two separate steps. First, a solution is found for the 
given guide shape (general formulae given). Secondly, 
an expression for the surface impedance of a guide 
surface is found in terms of the physical properties of the 
surface, and this value of surface impedance is used in 
the general formulae derived, to find the value of the 
propagation coefficients. 

Hitherto, only one type of imperfect guide has received 
any detailed attention—a metal guide. By means of 
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1‘ Field of longitudinal-section waves 


(6) (EH,), ,-mode. 
Magnetic lines of 
force. 
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conventional methods, the problem is first solved for a 
perfect guide atid it is assumed that the field is sub- 
stantially unaltered by the substitution of imperfectly 
conducting walls for the perfectly conducting boundaries. 
Subsequently, the power loss to the guide walls is 
evaluated by an integration process, and the integration 
of the Poynting vector over the cross-section of the 
waveguide yields the power carried by the waveguide. 
The attenuation coefficient is then given by one half of 
the ratio of these two integrals. 
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The method introduced here does not involve any 
integration, and is simpler than the conventional method; 
the approach is logically sound, which is more than 
can be said for the integration method, whose validity ig 
conditioned by the supposition mentioned above, 
Further, no a priori knowledge about the stability of a 
mode is to be had before the conventional integration 





2 Corrugated surface 





method is applied. In fact, it is proved, by the surface- 
impedance concept, that in rectangular waveguides. only 
Ho modes can propagate without change of form, while 
all other modes are unstable. For this reason it is 
meaningless to talk about the attenuation of higher- 
order E or H modes in rectangular waveguides, since 
these modes cannot exist in an attenuating waveguide 
though they are a mathematical possibility in a perfect 
waveguide. Incidentally, although high-order E and 
H modes are unstable in a rectangular waveguide, the 
longitudinal-section waves are shown to be stable in a 
waveguide whose two opposite walls are imperfect 
(Fig. 1). In contrast, it is shown that all modes appro- 
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MEDIUM 2 


3 Anisotropic surface 
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priate to a circular guide are also stable in an imperfect 
guide. 

A smooth metal surface is a simple example of 4 
homogeneous and isotropic impedance sheet. The concept 
of surface impedance is further developed to embrace 
the realm of corrugated surfaces (Fig. 2) and other 
periodic structures (Fig. 3); the idea of anisotropic 
surface impedance is introduced and this is completely 
defined by two principal components of the surface 
impedance. These are, simply, the two values of the 
surface impedance that would be obtained if the electric- 
field vector were (a) parallel and (b) perpendicular to the 
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edges of the periodic structure (Z; and Z, components 
of the surface impedance respectively). Further, if the 
pitch of the periodic structure is small in comparison 
with the wavelength, the surface impedance may be 
regarded as homogeneous; otherwise the surface im- 
pedance is heterogeneous, and as such is analogous (in 
its effect on the propagation of the wave) to Heaviside’s 
loading coils in a twin-wire transmission line. 

Apart from the smooth metal surface and a corrugated 
metal surface, two other forms of physically realizable 
impedance surfaces—a dielectric-coated metal surface 
and a rough surface—are discussed, but there are many 
more surfaces that one could envisage. However, so far 
as the performance of the guide is concerned, the actual 
physical structure of the surface is irrelevant; it is the 
value of Z, that matters. Similarly, in an electric circuit 
the physical structure of an impedor is a matter of 
engineering convenience and economy, but so far as the 
electrical behaviour of the circuit is concerned its physical 
structure is irrelevant; it is the value of the impedance 
that matters—hence the engineering significance of the 
Z, quantity. 

The formulae for the various propagation and attenua- 
tion coefficients derived in the paper are expressed in 
terms of the physical dimensions of the waveguide and 
the surface impedance of its walls. 


Effect of Weather on Radar Echoes 


A DIGEST OF A RADIO SECTION PAPER (No. 1898) ENTITLED 
“MEASUREMENTS OF THE EFFECT OF RAIN, SNOW AND 
FOGS ON 8-6MM RADAR ECHOES,” BY N. P. ROBINSON, 
M.A. THE FULL PAPER WAS PUBLISHED IN SEPTEMBER, 
1955, IN PART B OF THE PROCEEDINGS. 


ELECTROMAGNETIC RADIATION crossing a rain or snow 
shower is partially absorbed and partially scattered by 
the precipitation particles. Both these effects produce 
attenuation of radar echoes. The energy scattered 
backwards towards the radar receiver is indicated as a 
radar echo, known as rain clutter. Attenuation and rain 
clutter can be serious at short wavelengths. 

A pulsed radar set, operating on 8-6mm wavelength, 
was used to measure the magnitude of the effects, and 
compare them with the theory of J. W. Ryde, which 
shows that at centimetre wavelengths the attenuation 
(measured in decibels per kilometre) caused by rain 
equals approximately 0-26 times the precipitation rate 
(measured in millimetres per hour). The power received 
due to back-scatter is proportional to a scattering function 
divided by the square of the range of the precipitation; 
the scattering function is dependent upon precipitation 
rate. 

Both attenuation and back-scatter were measured by 
observing rain echoes on a cathode-ray tube showing 
signal intensity against range, a reflector of known 
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dimensions being used for absolute calibration. The 
graph shows attenuation plotted against precipitation 
rate, and the results obtained agree with theory within 
the limits of experimental error. 

Echoes can be received from snow near or above the 
freezing level in the atmosphere by raising the beam of 
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radiation. It was found that the echo intensity from 
melting snow just below the freezing level was from 
2 to 8dB more than the echo intensity from the rain at 
lower altitudes, and from 14 to 19dB more than the 
echo intensity from the dry snow above. This pheno- 
menon has been predicted by theory. 

The attenuation and back-scatter caused by fog are 
of the same nature as those caused by rain, but are 
much less owing to the smaller drop size. Fog echo 
could not be detected, but the attenuation was measured 
by observing a standard echo with and without fog 
present. The results agreed well with theory for fogs 
permitting relatively high visibility. Fogs producing low 
visibility attenuated the beam less than theory predicted, 
a fog permitting visibility of 300ft causing attenuation 
of about 0-1 dB/km. 

It appears that existing theory predicts well the inter- 
ference to be expected when microwave radiation 
traverses precipitation particles. 


The Capability of Alternators 


A DIGEST OF A SUPPLY SECTION PAPER (No. 1879) WITH 
THE ABOVE TITLE, BY R. W. BRUCK, B.SC., B.E., AND H. K. 
MESSERLE, M.ENG.SC., B.E.E. THE FULL PAPER WAS 
PUBLISHED IN OCTOBER, 1955, IN PART A. OF THE 
PROCEEDINGS. 


FOR POWER-SYSTEM PLANNING, load dispatching and 
operating it is important to understand which factors 
influence the maximum output of an alternator. The 
paper presents a method of constructing a graph of the 
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alternator output in megawatts against the reactive mw 
. . . . ° 
power in megavolt-amperes, which illustrates the various / ° 
limits of operating of both a salient-pole and a round- 
rotor machine, taking account of the effects of saturation. a a ot ees, 
a: 2° bl bo) 
The capability of the alternator at voltages other than rated bay "0060 ps 
voltage, as well as the capability of the alternator working : 
through its own separate (or unit) transformer, is also 10 \ 
considered. The output-power axis is taken vertically \ 
and positive reactive power is taken at lagging p.f. angles. | 
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The stability limit is derived for the general case of a 
salient-pole machine working into a system reactance, 
and a plot of the equation is shown in Fig. 2 for four 
different conditions. In practice it is impossible to 
operate on the stability limit, and a practical stability 
curve is derived from the theoretical one having a 10% 
power margin at constant excitations. 

Heating of the end structure of the armature is due to 
the motion of the end leakage flux and in round rotor 
alternators can cause serious results at leading power 
factors. 

For the construction of the diagram at terminal 
voltages differing from the rated value, account must be 
taken of the effects of saturation, and the construction 
described provides a quick way of doing this. The open- 
and short-circuit characteristics of the alternator are 
required as well as the value of the leakage reactance in 
this construction. Owing to saturation the radius of the 
rotor heating limit is increased and its centre is moved 
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to the left of the —1/X, point on the reactive-power 
axis (where X, is the direct-axis synchronous reactance) 
depending on the degree of saturation which is deter- 
mined in the construction. 

Fig. 3 illustrates a set of three capability diagrams as 
they appear in practice. The capability curves are shown 
both at the terminals of the machine, and at the terminals 
of the unit transformer if such is used. A reduction in 
terminal voltage reduces the stability margin, but over a 
limited region enables increased reactive-power output 
to be obtained. However, if the voltage is further 
reduced, the armature heating becomes the limiting 
factor. For a high system reactance a reduction of the 
machine terminal voltage has a greater effect on the 
stability limit than for a low system reactance. A set of 
diagrams as illustrated may be projected on to a watt- 
VAr-meter and changed automatically by a voltage- 
sensitive relay, thus giving complete loading information 
on a single meter. 





GILBERT FOX ALLOM 


Gilbert Fox Allom, who died on the 14th April, 1955, at 
Castle House, Tadworth, Surrey, was born in Kensington 
in 1873. He was educated at Elstow School, Bedford, 
and King’s College, London. He gained practical 
experience during six years with Girdlestone, Tatham 
and Co., where he designed and constructed one of the 
first enclosed arc-lamps in 1891, and five years with 
Rashleigh, Phipps and Co., both of London; in 1901 he 
joined his brother as a partner in the firm of White, 
Allom and Co. The business of interior decorating with 
which this firm was mainly concerned led to growing 
activity in domestic lighting, and Mr. Allom formed a 
separate company under the name of Allom Brothers in 
1905 to carry out electrical contracts in conjunction with 
White, Allom and Co. The many large private lighting 
installations he undertook included one of 160h.p. 
supplying 2000 lighting points and about 20 agricultural 
motors, and a complex communication system at 
Marlborough House for the Prince of Wales. He 
specialized in the illumination of tapestries and paintings 
from an early date and later developed the multiple 
parabolic reflector associated with his name, which was 
shown for the first time in one of the flood-lighting 
installations at the Wembley Empire Exhibition of 1924. 
Indirect interior lighting was also one of the specialities 
of his firm, and progress in the design of lighting fittings 
of many types was such that in due course the general 
electrical contracting side of their work had to be 
closed down. 

At the time of his death Mr. Allom was Chairman of 
Allom Brothers, Ltd., and also Chairman of Debenham, 
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Storr and Johnson Dymond Ltd. He devoted much 
time to the study of banking and in 1917 wrote a treatise 
on “Credit Creation and Principles of Banking.” 

He joined The Institution as an Associate Member in 
1905 and was elected a Member in 1914. 


WILLIAM ERNEST BURNAND 


William Ernest Burnand, who died on the 24th April, 
1955, was born on the 27th March, 1875. He was 
educated mainly by private tutor and gained practical 
experience of electrical engineering by serving an 
apprenticeship from 1892 till 1896 with the Sheffield 
Telephone Exchange and Electric Light Co., which later 
became the Sheffield Corporation Electricity Depart- 
ment. At the age of 21 he founded the firm of W. E. 
Burnand and Son. He rented a small workshop in 
Sheffield and started business as a manufacturer of 
electrical equipment, supplying his works with power 
derived from generators manufactured by himself. 
From this small beginning the firm rose steadily under 
his leadership to its present important stature. 

His lifelong interest was electromagnetism, and in 
1901 the first of his many patents, “Improvements in 
Transformers and the Like,” was taken out. His 
speciality at this time was the manufacture of trans- 
formers and motors, and he was a pioneer in using ball- 
bearings in electric motors. He was an early manu- 
facturer of electric arc-welding equipment. The Burnand 
d.c. magnetizing transformer is in use throughout the 
world, and Mr. Burnand’s great skill and experience in 
the magnetizing of awkward shapes were of service to 
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manufacturers, universities and colleges in this country 
and abroad. His firm was widely known for the manu- 
facture of heavy lifting magnets and magnetic clutches.. 

Mr. Burnand’s activities were many. In 1947 he 
became a member of the council of the Sheffield Chamber 
of Commerce, and retained his membership until his 
death. He served on the Chamber’s Education and Fuel 
Committees and was their senior representative on the 
Fuel and Power Panel of the Association of British 
Chambers of Commerce. He was a Fellow of the 
Incorporated Sales Management Association and Presi- 
dent of the Rotary Club of Sheffield in 1945. It is 
indicative of the high regard in which he was held that 
he was the first man to be given the freedom of the 
Electrical Section of the National Trades Technical 
Societies. 

“Will” Burnand was a man of great charm and 
enthusiasm, with a lively sense of humour. He was an 
excellent speaker and his contributions to the discussions 
following the reading of technical papers were to the 
point and generally enlivened by some appropriate case 
history derived from his considerable experience. To the 
great regret of his colleagues he was prevented by his last 
illness from delivering a lecture at the Annual General 
Meeting of the Sheffield Sub-Centre of The Institution 
which was to have been entitled “Sixty-three Years’ 
Electrical Engineering in Sheffield.” His kindly manner, 
unfailing charm and deep knowledge of electromagnetism 
will be sadly missed at the meetings of the Sub-Centre. 
Mr. Burnand is survived by his widow and two daughters, 
his only son having died a few years ago. 

He joined The Institution as an Associate Member in 
1911 and was elected a Member in 1921. In 1914 he 
first served on the Committee of the Yorkshire Local 
Section (now the North Midland Centre), was Vice- 
Chairman of the North Midland Centre from 1919 to 
1921 and Chairman in 1921-22. After a short break he 
started his long association with the Committee of the 
Sheffield Sub-Centre, first as an ordinary member from 
1925 to 1928, then as Vice-Chairman from 1928 to 1930, 
and eventually as Chairman in 1930-31. From 1931 to 
1937 he served on the Committee as Past-Chairman and 
ordinary member and then in 1937 took the office of 
Honorary Treasurer, a post in which (except for an 
interval from 1946 to 1948) he continued until his death. 

Few members have served The Institution so long and 
with such enthusiasm. F. S. 


RICHARD LOVELL CLEAVER 


Richard Lovell Cleaver, who died on the 2nd May, 1955, 
was born on the 4th December, 1885. He was educated 
at Sibford and Ackworth Friends Schools. After 
leaving school in 1901 he joined the firm of W. P. 
Thompson and Co., of Liverpool. Whilst there he 
studied at Liverpool University and eventually took the 
London University degree of B.Sc.(Eng.). He followed 
this by passing the qualifying examination of the 
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Chartered Institute of Patent Agents in 1906, and was 
elected a Fellow in 1912. 

During the First World War he was employed by 
Sandycroft Ltd. as an electrical designer. In 1919 he 
moved to London to become Patents Officer to the 
English Electric Co., remaining with that firm until 1927 
when he became Patents Officer to Cable Research. On 
the dissolution of that organization in 1947, he was 
appointed Patents Officer to British Insulated Callender’s 
Cables Ltd., a post which he held until his death. 

He was a very active Fellow of the Chartered Institute 
of Patent Agents, serving first as an Examiner and later 
as a member of the Board of Examiners. He also served 
as a member of the Council of the Institute from 1947 
until his death, and was a valuable member of several 
standing committees of the Council. 

He was esteemed by his colleagues for his technical 
and professional ability, and was held in affectionate 
regard by his staff, in whose welfare he always showed 
great interest. Those who trained under him will ever 
be indebted to him for the advice and encouragement 
which he so freely gave to them. 

He leaves a widow and two daughters. The death of 
his son, Squadron-Leader R. F. W. Cleaver, D.S.O., 
D.F.C., M.A., in a flying accident in 1953, was a blow 
which, though he bore it with great fortitude, left its 
mark. 

He joined The Institution as an Associate Member in 
1919 and was elected a Member in 1926. He was also 
a Member of The Institution of Mechanical Engineers. 

H. H. D. 


ARNETT RICHARDSON DUNTON 


Arnett Richardson Dunton, who died on the 12th June, 
1955, was born at Harrismith, Orange River Colony, on 
the 2nd August, 1885. On coming to this country he 
took a course in electrical engineering at the University 
College of Nottingham, being awarded the Associateship 
of the college in 1905. He joined the British Westing- 
house Co., Manchester, in 1905 as an apprentice and, 
except for a brief interlude in 1914-15, spent the whole 
of his professional life with that company, and its suc- 
cessor, the Metropolitan-Vickers Electrical Co. 

On the completion of his apprenticeship he spent some 
years on the design of coils and insulation for rotating 
machines and transformers under Mr. A. P. M. (now 
Sir Arthur) Fleming. In 1917 he was appointed Assistant 
Superintendent in charge of manufacture in the com- 
pany’s large coil and insulation department, a responsible 
post in which his experience of design was of particular 
value. Meanwhile the research department had been 
established, and in 1924 Mr. Dunton, who had long 
shown a strong leaning towards experiment, joined it 
to take charge of research on materials and processes. 
Here his practical experience gave him exceptional 
insight into problems in the application of materials to 
a wide range of engineering products. Among the 
important advances to which he contributed were the 
development of machine methods for manufacturing 
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micanite, the introduction of oil-impregnated pressboard 
for the insulation of power transformers and the develop- 
ment of a variety of laminated boards for insulation and 
other purposes. Experience in such problems indicated 
a need for insulating varnishes, impregnants and com- 
pounds of improved properties. Mr. Dunton carried 
out a number of valuable developments, notably in 
thermal-hardening varnishes. Under his enthusiastic 
guidance a separate development and manufacturing 
section was set up to meet the company’s requirements in 
these new materials. 

Mr. Dunton was the author of many technical articles 
dealing with insulating materials and processes, and was 
a member of a large number of B.S.I. and E.R.A. 
committees. 

He was well known in the electrical industry and took 
a considerable part in co-operative research in his 
particular field. He was a Vice-President of the Institute 
of the Plastics Industry (later the Plastics Institute) from 
1935 to 1951 and was made an Honorary Life Member 
in 1951. He inspired his staff with his own enthusiasm, 
and his enterprise and friendly good humour will long 
be remembered by his colleagues. In the late war he 
suffered the loss of his only son. He retired to live in 
Devon in 1950, and he leaves a widow. 

He joined The Institution as a Student in 1908 and 
was elected an Associate Member in 1912 and a Member 
in 1942. In 1936, in joint authorship with Dr. A. Caress, 
he wrote a paper entitled “Plastics for Use in Electrical 
Engineering,” and in 1943 another called ““The Control, 
Specialized Testing and Use of Some Modern Insulating 
Materials,” both of which were published in the Journal. 

B. G. C. 


JOHN RICHARD GARDINER 


John Richard Gardiner, who died on the 23rd October, 
1953, was born at Rotherhithe on the 17th December, 
1879. He was educated at Southwark Park School and 
subsequently studied at the Northampton Polytechnic. 

He was engaged by the Commercial Cable Co. as 
a telegraphist in 1894, and from 1897 was employed 
in the National Telephone Co. as Assistant Inspector, 
where he gained experience in both operation and 
maintenance of telephones. In 1913 he joined the staff 
of the newly-formed Relay Automatic Telephone Co. as 
Chief Maintenance Engineer and was responsible for the 
installation of many private automatic exchanges manu- 
factured by that firm. In 1930 he was appointed Chief 
Maintenance Engineer in charge of the private telephone 
department of Siemens Bros. and Co. and remained with 
that firm for many years. Before his retirement in 1945 
he served for a short period in the sales department of 
Shipton and Co. 

John Gardiner was painstaking and thorough in 
everything he did, and seemed to have an innate under- 
standing of engineering that enabled him to find sound 
solutions to the many problems he encountered in his 
career. His principal hobbies were carpentry and 
cabinet-making; examples of his work are the treasured 
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possessions of many of his neighbours. He was at one 
time an active freemason and was a Past-Master of the 
Telephone Lodge. He had an exceedingly generous 
nature and in later years did much to increase the com- 
radeship and happiness of old people in the district in 
which he lived. He is survived by his widow. 

He joined The Institution as an Associate Member in 
1922 and was elected a Member in 1929. H. G. S. P. 


ARTHUR JOHN CAPON LOVING 


Arthur John Capon Loving, who died on the 26th Decem- 
ber, 1953, was born on the 21st April, 1883. He was 
educated at Ealing Wesleyan School, and apprenticed to 
H. J. Dowsing and Co. in 1896, completing his technical 
training at the evening classes of the South-Western 
Polytechnic. In 1899 he was employed by John I. 
Thornycroft and Co. at their Chiswick Works, and in 
1900 was appointed Engineer in charge of the entire elec- 
trical and mechanical installations of the Ealing Theatre. 

In 1901 he went to India and remained there until 1920. 
From 1906 to 1909 he edited Indian Industries and Power, 
the leading technical journal of Western India. From 
1913 until he left India he was in business on his own 
account, and among other duties was agent in India for 
the Brush Electrical Engineering Co. He returned to 
England to retire but a few months later joined the 
erecting staff of the Brush Electrical Engineering Co., 
his travels taking him to Portuguese East Africa, South 
Africa and the West Indies. ena 

In 1927 he accepted a post with the English Electric Co., 
and for 23 years was engaged mainly on water-turbine 
plant. He installed plant at Alouette power station, 
British Columbia, visited Sorocaba, Brazil, assumed 
control of the erecting shop at the company’s Rugby 
works in 1931, and travelled to India on hydraulic work. 
In 1934 he took control of Water Turbine Section of 
the Outside Erection Department, and in this capacity 
installed plant in Australia, Tasmania and New Zealand, 
and visited the Dutch East Indies, Singapore and Cal- 
cutta. From 1936 onwards he was associated chiefly 
with the Water Turbine Progress Department of the 
Rugby works, with the exception of the year 1947-48, 
when he paid a further visit to Australia, Tasmania and 
New Zealand in connection with hydraulic plant. 

Mr. Loving officially retired from the English Electric 
Co. at the end of 1949, at the age of 66, but very soon 
afterwards went to Canada for the company to help with 
the production of 35000h.p. turbines for the station at 
La Cave. He stayed in Canada until the end of 1952, 
when he returned to this country and finally retired to 
a bungalow in Surbiton early in 1953. Unfortunately 
his wife died in January of that year. Mr. Loving 
possessed considerable initiative and ability, and his 
passion for work left him very little time for hobbies. 

Mr. Loving joined The Institution as an Associate 
in 1904, and was elected a Member in 1921. He was also 
a member of The Institution of Engineers (India). 

A. R. B. 
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VARIATIONS OF RECEIVED FREQUENCY 
OF WWVH 


From A. H. ALLAN, B.E., Associate Member 


In order to determine the most suitable time of day in 
which to use the Hawaiian standard-frequency station 
WWVH in Wellington, New Zealand, measurements 
have been made intermittently over a period of several 
years of the received frequency by comparison with a 
laboratory standard of the Dominion Physical Labora- 
tory, which is stable to one part in 108 per day. The 





the ionosphere and the average number of path hops 
from Hawaii to Wellington. The ionospheric records 
from Maui, Rarotonga and Christchurch are the most 
significant ones available. 

The measurements were made by recording the beat 
frequency obtained when the received frequency of 
WWYVH was mixed with the appropriate harmonic from 
our standard crystal of 150kc/s. The recorder was a 
high-speed ball-pen type with a full-scale deflection time 
of lsec. It conveniently records Sc/s, and gives a 
response of about 10% at 20c/s. The local standard 





























































































































Parts 
in 10? 
Ps 
= A450 
= 
vD ” 
Cc = bal 
& 545 - 
.« a d 
S = ° jf $ " y * o¢ 
= 54-0 ae ‘ . ; 1 Frequency difference be- 
2 = 4 4 P/ : ai : ': tween WWVH and labora- 
+ . . : 

p --4@4-++4# + 4-6 +h = + «> | — —|—|*5 ees tory standard oscillator 
| hey , ~Te [x [ETS Arle from 0000 to 2400h G.M.T. 
& 2 , " w . on the 10th March, 1955 
2 . 3-0 = ~ @ 15 Mc/s transmission. 
> r x 10M¢e/s transmission. 
FL “ © 5Mefs transmission. 
x = 
~ | 2-5 do 
Vv 
Cc Z 
: 
2 2-0 
a 

1-5 

0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 2400 Hours 
Midday Sunset Midnight Sunrise 
G.M.T. 


15 Me/s transmission is the most useful frequency during 
daylight hours, and the received frequency on most days 
was determined to be within 5 parts in 10° of the nominal 
value from 2200 to 0200 hours G.M.T. The variation 
outside these hours is considerably greater. A 24-hour 
record was made on the 10th March, 1955 (Fig. 1). 
Wherever possible a frequency of 15 Mc/s was used, but 
10 and 5 Mc/s were measured during times of fade-out. 

The radio path from Hawaii to Wellington is oriented 
approximately north and south, and this probably 
accounts for the rather well-defined frequency shifts at 
sunrise and sunset. On the assumption that the greater 
part of the observed frequency shift is due to the Doppler 
effect, we hope, by means of records similar to Fig. 1, 
to integrate the velocity associated with the Doppler 
shift with respect to time over a 12-hour period, and to 
correlate the results with changes in the virtual heights of 








Mr. A. H. Allan is in the Electrical Engineering Division of the Dominion 
Physical Laboratory, Lower Hutt, New Zealand. 
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(known as oscillator C) was deliberately set fast by 
3-6 parts in 107 to give a mean beat frequency of about 
5c/s, in order to reduce the confusion of records due to 
fading. With this method it is possible to measure the 
received frequency to one part in 108 in a recording time 
of 2-3sec. The records obtained are of several types 
—Fig. 2 shows typical records, which are all from the 
15 Mc/s transmission: 


(a) Records with a steady beat frequency for periods of up to 15sec. 

(5) Records with a steady beat frequency of 2-7 sec followed by an 
abrupt change of phase of the beat coincident with a change of rf. 
signal level. The records then continue for a similar period with a 
slightly different beat ney | indicating a change of 0-3 parts in 10° 
in the received frequency of WWVH. 

(c) Records which indicate the interference of two very nearly equal 
frequencies being received from WWVH simultaneously. The ampli- 
tude of the beat record varies with a period of several seconds, with a 
180° change of phase at the minimum-amplitude points. 

(d) Records in which there appears to & little coherence of the beat 
frequency phase. These are periods of confused records, when it may 
be difficult to find a phase-coherent beat longer than 0-5-1 -Osec. 


Type (a) records are those observed during periods of 
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2 Four types of signal-amplitude record of WWVH compared 
with laboratory standard oscillator on the 10th March, 1955 


(a) —a Beat frequency at 15 Mc/s = 5-85c/s for more 
than 10sec. 

(b) 0435hG.M.T. Beat frequency at 15 Mc/s = . 4 + 0-05c/s, 
but 6-6c/s between abrupt phase-shifts at A, and 

(c) 0357hG.M.T. Beat frequency at 15 Mc/s = 5- Boys, 180° 

phase-shift and decrease in amplitude of beat at B 

(d) 0725 hG. M.T. Beat frequency at 15 Mc/s = 5- 3c/s, except 
between C and D, when it is indefinite. 

3 divisions on time scale = 1 sec. 


small frequency shift, mostly in the daytime. Type (d) 
records are observed during periods of considerable 
frequency shift. Type (c) records are occasionally 
observed during periods of considerable frequency shift 
in the late afternoon. Type (d) records occur spasmodi- 
cally and when the signal strength is low. The few 
records obtained from WWY during times when WWVH 
was off have been of this type (see Fig. 3). 

It is thought that the various types of record can be 
largely explained by virtual-height variations of the 
F; layer, by the number of path hops involved and by 
some retardation in the E layer. 
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3 Record similar to that of Fig. 2(d) for WWV on the 
10th March, 1955 


0833 hG.M.T. Beat frequency at 10 Mc/s indefinite. 
3 divisions on time scale = | sec. 








Acknowledgment for advice is due to Mr. W. H. Ward, 
under whose direction the work has been carried out. 


UNITS AND TERMINOLOGY 
From L. HARTSHORN, D.Sc., Member 


Mr. L. H. A. Carr, in the April Journal, finds the term 
“henry per metre” for unit permeability absurd. 
Professor E. Bradshaw in the August issue says that it 
is not absurd but incorrect and that the correct term is 
“henry per metre-turn-squared,” which many readers 
must find even more absurd. Fortunately in most 
practical jobs the engineer needs only the relative per- 
meability, and everybody agrees that this is just a 
number, so that the argument is conveniently remote 
from reality. Nevertheless if we insist on arguing we 
should not misuse words in the way Professor Bradshaw 
has done in describing such terms as “correct” and 
“incorrect.” A. N. Whitehead hit this nail on the head 
when he said, ‘“Technical terms are like Christian names; 
they may be judicious or injudicious but not right or 
wrong.” One must not confuse conventions of ter- 
minology with laws of nature. 

Whether we like it or not, the term “henry per metre” 
for the absolute unit of permeability in the rationalized 
M.K.S. system has come into widespread use. If we use 
it we shall be understood; if we simply omit it as Mr. 
Carr suggests, some of our critics will insert it for us 
but there will be no ambiguity so long as we have clearly 
stated that the M.K.S. rationalized system has been used, 
and that absolute permeability is what we are talking 
about. If however we use some other name for the unit 
we may perhaps still convey our intended meaning but 
we shall also cause confusion and stimulate controversy. 
Is this really justified? Let us at least first see on what 
conventions the commonly accepted term rests and 
whether Professor Bradshaw’s alternative has advantages 
that justify our upsetting the apple-cart once again. 

On the accepted convention inductance is a property 
of a dual system comprising a circuit and the magnetic 
flux which inevitably links that circuit whenever current 
circulates round it; permeability is a specific property of 





Dr. Hartshorn is at the National Physical Laboratory. 
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the flux path alone—it can be expressed in terms of 
inductance and size (henry per metre) simply because the 
inductance necessarily involves a flux path the geometry 
of which is inevitably determined by that of the circuit 
when the permeability is constant throughout the path. 
Permeability is derived by the procedure that is adopted 
for any specific property of a flow or flux path. A 
cylindrical volume-element of the path of length 5/ in 
the direction of flow or flux and of cross-section 5A is 
evaluated as a circuit or circuit element. When the 
circuit element is a resistor we get resistivity in ohm- 
metres and conductivity in mhos per metre; as a capacitor 
it yields absolute permittivity in farads per metre. Since 
these terms have found general acceptance, what objection 
can there be to the analogous henry per metre? 

The conception of the volume element as an inductor 
necessarily includes the conception that the axial mag- 
netic induction B is generated by a current J which, 
since it must be confined to the circuit element itself, 
must circulate round the cylindrical surface as a uniform 
current-sheet. Notice that no other current distribution 
will do. We cannot add extraneous imaginary windings 
for they could never do more than produce approximately 
the right flux distribution, and approximations are not 
admissible in a basic concept. The flux through the 
cylinder is B35A=@. The inductance is L = O//. 
The value of H is H = 1/5] (the line density of the current- 
sheet in the direction of the field). Thus we get 
p. = B/H = LA8i]5A, which justifies the customary henry 
per metre (H/m) for unit permeability. 

Professor Bradshaw’s objection to this simple picture 
is philosophical and difficult of elucidation. His most 
startling addition to it is a new physical magnitude which 
he calls “turns” and which he insists is not merely a 
number but a physical quantity of a dimensional status 
comparable with that of angle. One therefore must not 
take it for granted that “turns” has the same value 
whatever system of units is adopted and one must include 
“turns” in both the names and dimensions of several 
magnetic units and quantities. The root of the difficulty 
seems to be the idea that the helix, rather than the circle 
or its simplest extension the current-sheet, is the funda- 
mental concept in electromagnetism. The ordinary. 
notion is of course that the familiar helical winding is 
merely a practical device with which a specified tube of 
flux can with suitable materials be realized approximately ; 
each turn of such a helix is a practical approximation to 
a slice of that current-sheet which is the exact counterpart 
of the flux, and the number of such slices is necessarily 
independent of any physical unit. Professor Bradshaw 
also maintains a philosophical distinction between the 
flux through the cross-section 5A and the flux linked with 


the closed curve constituting the boundary of that cross-. 


section; he implies that neither flux nor current are of 
necessity magnitudes with circuit characteristics. It will 
be clear that these new conventions involve a con- 
siderable distortion of ordinarily accepted concepts. In 
logic it is questionable whether they can claim even as 
much as equality of status with the commoner con- 
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ventions. Simplicity has been abandoned for what? 
No advantage has emerged; merely a suggestion for a 
change of nomenclature to mask the added complexity, 
Engineers should firmly discourage every proposal of this 
kind. Let them use commonly accepted terms only and, 
where they find them more than they can swallow, adopt 
Mr. Carr’s policy of a masterly silence in the face of a 
palpable absurdity. 


From L. YouNG, M.A., Associate Member 


Professor E. Bradshaw makes some interesting comments 
on Mr. L. H. A. Carr’s views. I should like to offer some 
further ideas which bear on this subject. 

I like Professor Bradshaw’s distinction between a 
circuit parameter and a medium characteristic—in 
particular his introduction of linkage and the turn T 
as a quasi-dimensional quantity. 

In dimensional analysis it is usual to treat length as 
one dimension. This is sufficient when one quantity 
(such as velocity) is defined in terms of length (and in 
this case, time), where the two are in the same direction. 
However, in expressing, for instance, magnetic field H 
in terms of electric current J we are aligning in one 
equation two quantities which are not parallel. 

I should like to suggest that we recognize that space is 
three-dimensional not only in nature but also in dimen- 
sional analysis. The three dimensions of length could 
correspond to the x, y and z axes of rectangular co- 
ordinates.' A better plan would be to let them follow 
the spherical co-ordinates r, 6 and ¢. This would 
enable us to keep one fundamental length (of no particular 
direction) and two new dimensions based on angle. It 
has the advantage that at any time we can drop the 
angles and retain exactly the old dimension of length. For 
some time now I have used two angles in dimensional 
analysis to elucidate certain problems and to convert 
between units or equations of different systems. 

The two angles which are the most naturally intro- 
duced are the plane angle T (as for turn) and solid 
angle S. Here I can state the results only. From 
Maxwell’s equations and one force equation the full 
dimensions of any quantity can be derived and the unit 
given its full name. In the usual notation ‘[compare 
reference (2)] 


GvD=Sp ..... @ 
7 OS ee 
TcrlH=S+D....@ 
T'clE=-B ....@ 

and one force equation, 
rere. Ge ee 


S and T are treated as dimensional constants, of solid 
and plane angle respectively. In the rationalized M.K.S. 
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system the values of the constants are conveniently 
unity (S = 1, T = 1) and the units were found to be the 
steradian and the radian (in the unrationalized M.K.S. 
system, S = 47, T = 1, and the units are the sphere and 
the radian). 

To return to permeability and permittivity, their 
dimensions become [Inductance/Length] x [7]~2[S]~! 
and [Capacitance/Length] x [S] respectively. Their 
units would be “henry per metre per steradian per radian 
squared” and “‘farad-steradian per metre.” These 
expressions show explicitly that we have had to pass 
from circuit to medium and have had to involve linkage, 
both of which processes elude our usual equations. 
These new names sound cumbersome. While they may 
help us to understand the nature of the problem (namely 
the three-dimensional nature of space), they further 
strengthen the case for a distinct name for these units. 


1 Micuets, W. C. and Patterson, A. L.: “Elements of Modern 
Physics” (Van Nostrand, New York, 1951), pp. 265-8 and 629-30 

2 Hesster, V. P., and Ross, D. D.: “Generalized Electrical For- 
mulas,” Electrical Engineering, 1951, 70, p. 332. 


STRANDING EFFECT IN CABLES 


From P. R. HOWARD, B.Sc.(Eng.), Associate Member, 
and D. N. BROWNING 


The screening of stranded conductors, to achieve a 
smooth cylindrical surface and a reduction of the 
maximum electrical stress, has often been employed in 
the manufacture of high-voltage cables. Increases in 
the impulse and power-frequency strength of cables have 
been claimed from the use of various screening methods, 
but these increases have been found to be less than 
would be expected from theoretical considerations. If 
the impulse strength is governed by the stress at the 
surface of the inner conductor, calculated from the 
physical dimensions of the cable, the increased strength 
should be at least 30% with a 
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ductors was investigated with oil-impregnated-paper- 
dielectric cable models prepared under controlled 
conditions. The results showed that there was no 
significant difference in the impulse breakdown voltage 
between samples with the same dimensions formed 
on stranded and on smooth conductors. This discrepancy 
between factory- and laboratory-made samples led to 
further work with a homogeneous dielectric consisting 
of oxygen-free nitrogen. 

The graph gives the impulse-breakdown-voltage/gas- 
pressure characteristics of concentric cylinder electrodes 
consisting of an outer conductor of 2-02lin diameter 
and inner conductors of 0-721 in diameter: one smooth, 
and the other stranded with 18 wires of 0-103 in diameter 
in the outer strand. All radial dimensions were the same 
as for 0-3in? 66kV solid cable. The difference in 
breakdown voltage with the two conductors has some 
dependence upon gas pressure, but in the region of 
atmospheric pressure the difference is not significant and 
the results are in agreement with those obtained with 
laboratory-made samples. 

It is also of interest to note that with a gaseous 
dielectric at pressures above atmospheric there is a 
significant stranding effect. 

This and subsequent work will be reported in detail 
later. 

1 Levi-CivitA, T.: Rendiconti del Circolo Matematico di Palermo, 


1905, 20, p. 173. 
2 Cnora, V.: Elektrotechnicky Obzor, 1953, 41, p. 620. 





Impulse breakdown voltage for concentric cylinders with 
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theory and practice has usually 
been attributed to the difficulty in °' 
producing a completely smooth 8 

conductor by screening methods, $ 
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factors controlling the impulse 
strength of high-voltage cables the 
influence of the stranding of con- 
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Separate monographs and reprints of all papers published in the 
Proceedings are available at the price of 1s. 3d. each (post free). 
The inclusive charge for a copy of a paper allocated for reading 
at a meeting on separate publication and for a reprint of the 
paper and discussion (as republished in the Proceedings) is 2s. 6d. 
(post free). This charge is made whether or not the reprint is 
required, but a reprint alone costs Is. 3d. as noted above. 
However, separate copies of a paper allocated for reading are 
supplied free of charge 10 days before the first meeting at which 
the paper is to be read, whether in London or in the provinces. 
If a reprint also is required, a remittance should accompany 
the request. Reprints of a paper being read at a meeting 
cannot be issued before the paper and discussion have appeared 
in the Proceedings, but they should preferably be ordered before 
or shortly after the paper has been read in London. 

In an order, a monograph or a paper can be specified com- 
pletely by the author’s surname and the serial number of the 
paper. Those who wish to avoid making a separate payment for 
each monograph, paper, or reprint which they require can 
obtain books of voucher-labels, price 10s. each, containing 
8 vouchers, on application to the Secretary. 

A list of papers published in the October issue of Part A of 
the Proceedings appears under “‘Contents of the Current Issues 
of the Proceedings” on page 674, and the serial number of each 
paper and the month of publication of a digest in the Journal 
are included. Synopses of both monographs and papers which 
will be published separately before the next issue of the Journal 
appear below, and unless otherwise stated, their date of publica- 
tion is the same as this issue of the Journal. The monographs 
will be republished in Part C of the Proceedings, and the 
relevant Part for the republication of a paper is given after 
the serial number of the paper. 


MONOGRAPHS 


Interpretation of Wavelength Measurements on Tape Helices 
MonoGRAPH No. 151 R 
C. P. ALLEN, B.Sc.(Eng.), and G. M. CLARKE, M.A., Ph.D. 


During the course of an investigation of helix propagation by 
the measurement of the standing-wave pattern in a shielded 
length of helical line open-circuited at one end, it was found 
that the minima of the pattern were not equally spaced when 
the phase change per turn approached 7 radians, and further- 
more this phase change remained nearly stationary at 7 
radians over a finite frequency band. This would indicate 
a highly dispersive region which is not predicted by theoretical 
analyses. 

However, when the results are interpreted, taking into 
account the presence of space harmonics, an explanation of 
the phenomenon is obtained which indicates that there will be 
a region of apparent dispersion for a finite length of helix, 
although the basic propagation on the infinite helix is 
dispersionless. Such an effect may be of importance in the 
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operation of travelling-wave devices designed to operate 
through this band. 

A digest of the monograph will be published in Part B of 
the Proceedings. 


An Approximate Theory of the Diffraction of an Electro- 
magnetic Wave by an Aperture in a Plane Screen 


MonoGRAPH No. 152R 
R. F. MILLAR, M.A. 


An approximate diffraction theory based on the Sommerfeld 
half-plane solution is developed. It is shown that, in certain 
regions, the electromagnetic field scattered (in the two- 
dimensional problem) by a perfectly conducting half plane 
with plane waves incident can be conceived as arising from 
the flow of electric and magnetic currents along the edge of 
the half plane. This edge-current concept is extended to the 
diffraction of normally incident plane waves by an aperture 
of arbitrary form in a thin, perfectly conducting screen of 
infinite extent. 

The approximation is for large apertures and is probably 
asymptotic. Interaction between the fields scattered by 
different parts of the screen is neglected in the present 
treatment. 

Expressions are obtained for the tangential electric field in 
the aperture in terms of these edge currents. The case of the 
circular aperture is studied in some detail, axial and aperture 
field distributions being derived and compared with the 
available experimental and theoretical data. Agreement 
with experiment and theory is fairly close, and improves with 
increase of the ratio: (aperture radius)/(wavelength of incident 
radiation). 

A digest of the monograph will be published in Part B of 
the Proceedings. 


PAPERS 


Tridac, a Large Analogue Computing Machine 
PAPER No. 1899 M; Part B 


LT..CMDR. F. R. J. SPEARMAN, _ R.N.(Ret.), 
J. J. GAIT, M.A., B.Se., A. V. HEMINGWAY, 
B.Sc.(Eng.), and R. W. HYNES, B.Sc. 


Tridac is the name given to a large analogue computing 
machine installed at the Royal Aircraft Establishment. The 
machine, which has been built to assist in solving guided- 
weapon problems, has electronic, mechanical, and hydraulic 
components, and operates on a 1:1 time scale so that real 
components can be included in the computation. Tridac is 
intended to help system understanding and development by 
constructing system models with which mathematical compu- 
tations can be carried out. Each computing section, the 
parameters of which can be easily changed, represents a 
particular part of the real system. 

The mathematical operations of summation, integration, 
multiplication and resolution are carried out using either 
drift-corrected d.c. amplifiers or electrically controlled servo 
motors, with hydraulic or electric power. Connections to the 
servo motors and interconnections between the various 
cabinets, containing some 2000 electronic units, are arranged 
to facilitate the simulation of the flight of a guided missile. 

Principles of operation, computing methods and compo- 
nents, installation, and operation of the computer are discussed 
with reference to the problems to be solved. 
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The New High-Frequency Transmitting Station at Rugby 

Paper No. 1903 R; Part B 

CAPT. C. F. BOOTH, O.B.E., and B. N. MacLARTY, 
O.B.E. 

The paper will be published on October 24th 


A new radio transmitting station has recently been built by 
the Post Office on a 700-acre site adjacent to the original 
Rugby station. The 28 transmitters installed are suitable 
for independent-sideband operation in the frequency range 
4-27-5 Mc/s, provide 30kW peak envelope power and can 
carry both multi-channel telephone and multi-channel tele- 
graph signals. Upwards of 70 aerials (mainly rhombics) will 
be provided and will cover transmissions beamed on all 
the main traffic routes. 

In the design of the station attention has been focused 
particularly on flexibility, whereby the maximum use can be 
made of the plant with the minimum staff. This has been 
achieved by careful attention to the design of the building; by 
the maximum standardization of equipment; by the segrega- 
tion of low- and high-power equipment; by the provision of 
remotely controlled frequency-changing and aerial-switching; 
and by the inclusion of a central control position from which 
the station is operated. Staff at this position can start and 
stop any transmitter, switch to any one of six predetermined 
frequencies and to the required aerial, fully monitor its 
performance and quickly locate a fault. 

The new station was brought into service in October, 1954, 
and formally opened on the Ist July, 1955; experience of its 
operation has fully justified the basic design considerations 
employed in its planning. 


An Experimental Test of Reciprocal Transmission over Two 
Long-Distance High-Frequency Radio Circuits 

PaPeR No. 1904R; PART B 

F. J. M. LAVER, B.Sc., and H. STANESBY 

The paper will be published on October 21st 


Tests have been carried out under carefully controlled 
conditions to see whether the attenuation of high-frequency 
signals sent over a given long-distance radio path differs 
according to the direction of transmission. The results 
obtained both across the North Atlantic and between 
Australia and the United Kingdom show that at times the 
loss in both directions is substantially the same, and that at 
other times the loss difference can rise to values of the order 
of 5 or 10dB. Usually the loss differences were such that 
signals outwards from the United Kingdom suffered the 
greater attenuation, but without further evidence it would 
be unwise to assume that this tendency is permanent. 


A Study of Ionospheric Propagation by Means of Ground 
Back-Scatter 

PAPER No. 1914R; Part B 

E. D. R. SHEARMAN, B.Sc.(Eng.) 

The paper will be published on October 21st 

The results of a year’s observations in southern England of 

long-range back-scatter are analysed. A pulse transmitter 

coupled to alternative directional aerials was used, and 

transmissions were made at noon each day on a number of 


frequencies between 10 and 27 Mc/s. 
The echo patterns observed in winter were simple and were 
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formed by echoes from the ground just beyond the skip 
distances for one- and two-hop F2-layer propagation. In 
summer, however, ground echoes returning by way of the 
Es, E and FI layers arrived nearly simultaneously and were 
difficult to distinguish. The marked increase in Es ionization 
in summer could be seen clearly from the echo patterns. 

Examples of fixed-frequency range-time recordings (p’t) of 
back-scatter are given. On one record echoes can be seen at 
ranges corresponding to each of the ground reflection points 
for four-hop F2 propagation between England and Malaya. 
The application of the p’t technique to the direct measurement 
of maximum usable frequencies is described. 

To assess the accuracy of the back-scatter technique of 
skip-distance measurement, comparisons were made between 
measured scatter ranges and ranges calculated from vertical- 
incidence ionosphere measurements. The measured ranges 
were consistently shorter than those calculated. It is un- 
certain whether this discrepancy arises from approximations 
in the theory used for the calculations from vertical-incidence 
data or from inadequate directivity in the aerials used in the 
scatter measurements. Comparisons of scatter ranges with 
direct measurements of maximum usable frequency over the 
same path are considered desirable to resolve this uncertainty. 


The Technique of Ionosphere Investigation using Ground 
Back-Scatter 


PAPER No. 1915 R: Part B 
E. D. R. SHEARMAN, B.Sc.(Eng.) 
The paper will be published on October 21st 


The skip distance in short-wave propagation is measured by 
observing the time-delay of echoes scattered from the earth’s 
surface beyond the skip distance. A theoretical study shows 
that the method should give good accuracy in determining 
skip distance, but cannot yield unique values of the height 
and critical frequency of an ionospheric layer at a distant 
point. 

The radar equation is used to find the intensity of back- 
scatter from the ground, and an approximate calculation 
indicates that the irregularities present on land and sea should 
be sufficient to explain the observed echo strength. The 
effect of ray focusing by the ionosphere is considered. 

Experimental results confirm the conclusions of other 
workers that the predominant sources of echoes are on the 
ground and not in the E region. An empirical correction for 
the effect of the earth’s magnetic field shows that no error in 
the location of the sources is introduced by using no-field 
theory in the analysis of results. 


V.H.F. Propagation by Ionospheric Scattering and its Applica- 
tion to Long-Distance Communication 

Paper No. 1920R; Part B 

W. J. BRAY, M.Sc.(Eng.), J. A. SAXTON, D.Sc., Ph.D., 
R. W. WHITE, B.Sc., and G. W. LUSCOMBE, 
B.Sc.(Eng.) ; 

The paper will be published on October 21st 

The paper describes an investigation of the propagation of 

v.h.f. radio waves by scattering from the E region of the 

ionosphere. The dependence of the characteristics of the 

received signal on frequency, distance and aerial directivity 

is examined, and observations are made on the diurnal and 

seasonal variations of the received signal strength; the results 

are discussed in relation to existing theories. 
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Investigations are also described on the suitability of this 
form of propagation for the transmission of frequency-shift 
telegraphy signals, and for telephony signals transmitted by 
single-sideband amplitude modulation, and by phase modula- 
tion, of a carrier. A form of wave-angle diversity reception 
which yields a substantial improvement in the performance of 
a telegraphy system is described. The possible applications 
of v.h.f.-scatter propagation to commercial services are 
discussed. 


Germanium and Silicon Power Rectifiers 
Paper No. 1936 U; Part A 
T. H. KINMAN, M.B.E., G. A. CARRICK, M.A., R. G. 
HIBBERD, B.Sc., and A. J. BLUNDELL 

The paper will be published on October 31st 
The special properties of germanium and silicon semi- 
conductors have recently been used for power conversion; 
equipments have been made with germanium rectifiers, rated 
at 300 and 1000kW, with conversion efficiencies exceeding 
97% and having other advantages over older types of 
convertor. 

The history of this development is first briefly given, 





followed by a short explanation of rectification phenomena 
in a single crystal having a p-n rectifying junction formed by 
the disposition of positive and negative current carriers in the 
body of the crystal. 

A distinction is made between two types of p-n junction. 
In one type the junction is made while growing the crystal, 
and in the other by a subsequent fusion process in the wafer 
of a single crystal. The latter is shown to be the preferred 
type for power rectifiers. 

Steps in the production of the rectifier, the various types 
manufactured, methods of rating and the electrical tests 
applied to low-, medium- and high-power units are then 
described. 

The latter half of the paper is devoted to the special features 
of the high-power unit, rated up to 2kW. Tests are specified 
for series and parallel operation.- Methods of cooling and 
relative efficiencies are discussed and comparisons made with 
other convertors. Typical installations are shown, one of 
which has been successfully operated for two years. 

The appendices give a fuller explanation and mathematical 
treatment of current flow in semi-conductors, and the 
phenomena of inverse-voltage breakdown and hole storage 
are also explained in greater detail. 
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BRITISH STANDARDS 

The Secretary has been asked to draw attention to the follow- 
ing publications, copies of which can be obtained from the 
British Standards Institution, 2 Park Street, London, W.1. 
The prices given for each Standard are post free. 


POLYPHASE KILOWATT MAXIMUM DEMAND Meters (B.S. 37: 
ParT 5: 1955). 3s. 


Clauses concerning maximum-demand indicators (mechani- 
cally coupled) are introduced for the first time in this Standard, 
the requirements being based on existing British designs. 

The Standard applies to maximum-demand metering 
equipments which are combinations of energy elements 
(motor type) which register in kilowatt-hours or megawatt- 
hours, maximum-demand indicators (mechanically coupled) 
which indicate in kilowatts or megawatts, and timing elements. 
It also applies to equipments without a maximum-demand 
indicator, but having provision for the subsequent fitting 
of one. 


Frere Cores For Wire Ropes (B.S. 525: 1955). 3s. 


This Standard was first published in December, 1933, and 
has recently been revised in the light of contemporary tech- 
nical information. It covers a range of fibre cores of manila 
(abaca), phormium tenax, sisal, hemp and jute, suitable for 
wire ropes of circumference from }4in to 4in, for cranes, 
lifts and hoists, shipping, oil-wells and collieries. The limits 
of application and grade of fibre are stated, and sizes are 
given. Requirements for preservation and lubrication are 
specified, chemical and physical properties are stated, and 
tests are described. 
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AIR-BREAK SWITCHES AND ISOLATORS. PART 1: SWITCHES AND 
ISOLATORS FOR VOLTAGES NoT EXCEEDING 660 VOLTS AND 
FOR CURRENTS Not EXCEEDING 200 Amps (B.S. 861: PART 1: 
1955). 4s. 

In revising the 1939 edition of B.S. 861, “‘Air-Break Switches,” 
it has been found desirable to divide the standard into two 
parts. Part 1 is now available and covers air-break switches 
and isolators for use on a.c. and d.c. systems with current 
ratings not exceeding 200amp at voltages not exceeding 660 
and 500 volts respectively. 

The new edition, which takes into account present-day 
manufacturing techniques, lays down requirements for 
marking and construction and states the service conditions 
envisaged. Tests of making capacity, breaking capacity and 
temperature rise are prescribed, and temperature measure- 
ment is dealt with in an appendix. 


ELECTRIC TOASTERS FOR Domestic Use (B.S. 2608: 1955). 3s. 


As with the other Standards in the series on domestic electrical 
appliances, the main accent in this Standard is on safety, and 
it establishes minimum requirements for domestic electric 
toasters having heating elements intended for operation on 
voltages exceeding 30 volts (r.m.s.) a.c., or 50 volts d.c., but 
not exceeding 250 volts a.c. or d.c. 

B.S. 2608 includes clauses on the design and construction 
of the body, handles, feet, heating elements, toast delivery, 
finish, ventilation and shielding, means of connection and 
terminal arrangements. It has a section on marking and 
testing, and the tests include requirements for temperature, 
toasting, endurance, mechanical shock and loading. An 
appendix deals with the method of measuring leakage current. 
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ELECTRICALLY HEATED BLANKETS (B.S. 2612: 1955). 3s. 


The Standard, which is in the series dealing with domestic 
electric appliances, provides for the maximum possible safety 
with electrically heated blankets and satisfactory standards 
of mechanical and of electrical construction. It does not 
deal with electrically heated mattresses and mattress overlays; 
these will be the subject of a further Standard. 

B.S. 2612 applies to electrically heated blankets for domestic 
and similar purposes intended for connection to d.c. and/or 
single-phase a.c. supply at any voltage not greater than 
250 volts. It includes blankets connected to a double-wound 
transformer but not the transformer itself. The Standard 
covers design and construction, loading, temperature control, 
thermostats and thermal cut-outs, and flexible-cord switches, 
and also gives instructions for use and marking, and detailed 
requirements for tests. Blankets complying with the 
Standard may bear the B.S.I. certification mark. 


Tue ELECTRICAL PERFORMANCE OF ROTATING ELECTRICAL 
Macuinery (B.S. 2613: 1955). 7s. 6D. 


The four principal Standards relating to the electrical per- 
formance of rotating electrical machinery, namely B.S. 168, 
B.S. 169, B.S. 225 and B.S. 226, have been revised and com- 
bined into a single Standard, B.S. 2613, which covers all 
types of machine rated from 1 h.p. per 1000r.p.m. upwards. 

To conform to present-day practice a number of significant 
changes have been made, the most important of which is the 
recognition of the continuous maximum rating for all motors, 
whether a.c. or d.c., which exceed 50h.p. per 1000r.p.m. 
The tables giving details of permissible temperature-rise have 
been completely recast, and for each type of winding a 
method of temperature measurement is now specified. The 
various requirements for electrical performance are stated 
and the necessary tests specified. 


D.C. CONTROL EQUIPMENT FOR ELECTRIC TRACTION (B.S. 
2618: 1955). 4s. 


This Standard specifies performance requirements for traction 
and auxiliary control equipment for use on electrically 
propelled road and rail vehicles. 

Vehicles which are internally powered and those which 
draw power from an external supply are considered, and the 
requirements for creepage and clearance distances, tem- 
perature limits, resistance limits and operating tolerances 
are given. 

Type tests and routine tests are specified and an appendix 
gives guidance on apparatus coding and terminal markings. 


WrouGHT ALUMINIUM FOR ELECTRICAL PURPOSES—WIRE 
(B.S. 2627: 1955). 2s. 6p. 


The Standard refers only to wire used for electrical con- 
ductors such as overhead transmission lines, insulated cables, 
or windings for rotating machinery or transformers; and it is 
suitable for controlling the quality of wire supplied for 
electrical components made to other British Standards, such 
as B.S. 215, “Hard-drawn Aluminium and Steel-Cored 
Aluminium Conductors,” and B.S. E21, “Electric Cables 
for Aircraft.” 

; Wire for general engineering and other purposes is specified 
in B.S. 1473, “Rivet, Bolt and Screw Stock for Forging,” and 
B.S. 1475, “‘Wire,”” which form part of a comprehensive series 
of Standards for wrought aluminium and aluminium alloys 
for general engineering purposes (B.S. 1470-77), which are 
at present under revision. The present Standard is the first 
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of a similar series for wrought aluminium and aluminium 
alloys for electrical purposes. 


O1L SWITCHES FOR ALTERNATING CURRENT SYSTEMS (B.S. 2631: 
1955). 6s. 


The Standard in effect revises a part of B.S. 116: 1937, which 
was mainly superseded by B.S. 116: 1952. It gives the require- 
ments for manually operated 3-pole, 400-amp oil switches, 
which may be fitted with integral earthing devices, for voltages 
of 3-3, 6-6, 11, 22 and 33 kV. 

The service conditions for which the switches are suitable 
are stated and tests specified include mechanical endurance, 
temperature rise, impulse-voltage withstand (22kV and 33 kV 
switches only), making capacity, breaking current, and short- 
time current. Detailed information about selection, testing, 
measurements during the tests, and maintenance is given 
in appendices. 


E.R.A. REPORTS 


The Secretary has been asked to draw attention to the under- 
mentioned E.R.A. Reports. Copies can be obtained from 
the British Electrical and Allied Industries Research Associa- 
tion, Thorncroft Manor, Dorking Road, Leatherhead, Surrey. 
The price of each report is given, and unless otherwise stated, 
the cost of postage on a report is 3d. 


E.R.A. Report Rer. B/T117. “THE INFLUENCE OF Har- 
MONICS ON THE PHASE NUMBER OF A CONVERTER.” By F. 
BUSEMANN. 10s. 6D. 

The limits imposed on the minimum phase number of a 
convertor by the harmonics set up in the a.c. system are dis- 
cussed. The harmonics are in turn restricted by communica- 
tion interference and by disturbance of equipment in the a.c. 
system itself. The mitigation provided by parallel capacitance 
is taken into account. Figures are given for the special cases 
arising in the proposal to use d.c. transmission in the cross- 
Channel link. 


E.R.A. Report Rer. F/T181. “‘MeTrHops oF DETERMINING 
THERMAL RESISTIVITY OF SOIL IN SITU FOR THE CALCULATION 
OF CABLE RATINGS.” 15s. (POSTAGE 4D.). 

The report describes three methods, the first being the 
hitherto accepted one employing buried spherical or cylin- 
drical heaters. This method, whilst reliable, requires at least 
several days for each measurement. 

To satisfy the need for more rapid methods two have been 
worked upon and tested by the E.R.A. and are described in 
the report. One of these is the “‘transient needle” method in 
which a long thin heater is placed in the ground and heated 
for about 15—20min, the thermal resistivity of the soil being 
calculated from temperature and time readings. The second 
rapid method involves the assessment of thermal resistivity 
from the soil constitution and moisture content as determined 
from samples suitably taken. It has so far been developed 
only for soils of clay, sand or a mixture of these. Both the 
rapid methods may be expected to give results agreeing with 
measurements by the sphere method within +10% except 
in certain extreme conditions. 


E.R.A. Report Rer. F/T183. “CurRRENT RATINGS FOR 
PAPER-INSULATED CABLES TO B.S. 480: 1954 AND VARNISHED- 
CAMBRIC-INSULATED CABLES TO B.S. 608: 1955.” 5s. 


This report covers cables laid in underground ducts, direct in 
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the ground, and in air. It supersedes E.R.A. Report Ref. 
F/T128. The conditions of installing and operating the 
cables are given in detail in the explanatory notes. Fuller 
information on many points affecting current ratings and on 
methods of calculation will be contained in a report now in 
course of preparation (Ref. F/T187). The temperature limits 
on which the cable ratings are based have been adopted on 
the recommendation of the Cable Makers’ Association. 

All the current ratings tabulated apply to lead-sheathed 
cables. Rating factors are given for the computation of 
ratings for aluminium-sheathed cables with copper con- 
ductors. 


E.R.A. Report Rer. G/T292. “FLAMEPROOF ELECTRICAL 
APPARATUS. FLANGE-GAP PROTECTION WITH A FIFTH SERIES 
OF INDUSTRIAL ATMOSPHERES.” COMPILED BY A. P. PATON. 
7s. 6D. 

Figures for the maximum experimental safe gap and statistical 
maximum safe gap are given for flameproof enclosures with 
flanges 4in in radial breadth with the following combustibles: 
acetone, normal butyl alcohol, ethyl ether, ethylene, ethylene 
oxide, heptane and methyl-ethyl ketone. The figures are 
compared with earlier results obtained with the same com- 
bustibles using a similar enclosure with flanges lin in radial 
breadth. An improved method of determining the statistical 
maximum safe gap is also used and the results compared 
with those found by the original method. 


E.R.A. Report Rer. L/T283. ‘‘A PRESSURE CHAMBER FOR 
Micro-OpTICAL OBSERVATIONS.” By C. TURNER. 7S. 6D. 


The report describes the construction and performance of an 
apparatus for optical observations at pressures up to 1000 
atmospheres. The need for such an apparatus arose from 
investigations into the dielectric properties and structure of 
certain long-chain materials, for which thermodynamic data 
were required, while calorimetric measurement was not 
feasible with the small samples available. 

The apparatus described permits the measurement of 
changes of transition temperature with pressure, and can be 
used to derive heats of transition on small samples. This 
method has the advantage that it can also be used for 
moderately long-lived unstable structures. Apart from this 
purpose, the apparatus may be used for various purposes, 
such as measurements of compressibility. 


E.R.A. Report Rer. L/T284. “Se_r-ENERGY OF ELECTRONS 
IN LATTICE FieLps.” By M. GuRArRI. 9s. 


A new method is developed to calculate the self-energy of an 
electron in a field such as the polarization field of an ionic 
lattice. With the help of the variational method, it is shown 
that the energy calculated from perturbation theory always 
gives an upper limit to the lowest energy level, however strong 
the interaction. Application to electrons in ionic crystals 
gives a lower (better) value for this energy than was found 
in previous theories. The effective mass of the electron is 
about twice the electronic mass. 


E.R.A. Report Rer. L/T285. “On THE THEORY OF DIELEC- 
TRIC BREAKDOWN IN Ionic Crystats—II.” By B. V. 
PARANJAPE. 65. 

Frohlich has recently applied to pure crystals the method of 
calculating the breakdown strength previously developed for 
amorphous substances. In this method the electrons are 
considered to be in thermal equilibrium at a temperature 
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higher than the lattice temperature. These ideas have beep 
carried through in a more accurate way. The results obtained 
agree satisfactorily with experiments. 


E.R.A. Report Rer. L/T290. “THE VARIATION WITH TeEm- 
PERATURE OF THE ELECTRIC STRENGTH OF POLYISOBUTYLENE 
SUBJECTED TO DISCHARGES.” By E. M. HAWLEY. 10s. 6p. 


The breakdown of solid dielectrics exposed to corona may be 
a result either of general chemical deterioration or of local 
instability caused by the concentration of discharges at certain 
points on the surface of the dielectric. Thomas has shown 
that these processes are independent. Gaseous discharge 
products, ozone and nitrogen oxides, cause the chemical 
deterioration and associated increase in power factor which 
is absent if tests are made in an inert atmosphere. The 
mechanism of local failure has not been established, because 
there is little evidence of material changes and it is impossible 
to detect the imminence of breakdown. 

Standing has shown that the impulse electric strength of 
solids is little affected by discharges in the medium, but in 
tests of a minute’s or even a few seconds’ duration discharges 
cause considerable reduction in the electric strength. This 
cannot be caused by chemical deterioration, which is com- 
paratively slow, but a possible explanation is that discharges 
in the medium initiate a self-propagating electronic breakdown 
in the solid, if the local stress concentration due to the dis- 
charges attains the intrinsic electric strength of the solid. 
If this theory of the mechanism were correct the variation of 
the corona breakdown strength of materials with temperature 
would be expected to be similar to that characteristic of the 
intrinsic electric strength. Oakes has shown that the intrinsic 
electric strength of polyisobutylene varies very rapidly with 
temperature over the range —60°C to +20°C; this material 
was therefore particularly suitable for investigating whether 
there is, in fact, any relation between the corona and the 
intrinsic electric strengths of materials. 


E.R.A. Report Rer. L/T312. “ELECTRONS IN POLAR 
MATERIALS.”” By M. J. BUCKINGHAM. 6S. 

The properties of slow electrons in polar materials are of 
importance for a number of physical processes. In this report 
avariation method is used to calculate the ground-state energy 
of an electron in an ionic crystal. Contrary to the case for 
weaker interaction, it is shown that the lowest state is one in 
which the electron density is localized if the interaction with 
the lattice is stronger than a critical value. The method is 
not suitable for the discusson of higher energy states when the 
interaction is strong. 


E.R.A. Report Rer. L/T315. ‘THe DieLectric PROPERTIES 
OF METHYL METHACRYLATE RESINS.”” By E. RUSHTON. 95. 


The dielectric properties of methyl methacrylate resin (without 
plasticizer) have been investigated over a range of temperature 
from —50° to + 160°C and a range of frequency from 65e/s 
to 24000Mc/s. The material has comparatively poor 
dielectric properties, the loss tangent decreasing steadily with 
frequency at room temperature from about 0-06 at power 
frequencies to 0-01 at centimetre wavelengths and the per- 
mittivity diminishing from about 3-6 to 2-6 in the same 
range. The material absorbs less than 1% by weight of 
water, and this water has only a small effect on the dielectric 
properties. 

At temperatures of about 60°C and above, there is strong 
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dipole absorption, peak values of the order of 0-10 being 
recorded and the permittivity increasing to values of about 5. 
The dielectric behaviour at these higher temperatures can be 
explained in terms of Frohlich’s model. It is considered that 
at ordinary room temperature there may also be dipole 
absorption, with a main absorption band centred around a 
very low frequency (of the order of 1 c/s), and, superposed on 
this, a residual absorption varying but little with frequency 
and with a very wide range of relaxation times. 


E.R.A. Report Rer. L/T328. “EXxcITATION PROCESSES IN 
THE ARC DISCHARGE.” By A. E. ROBSON AND A. VON ENGEL. 


4s. 6D. 


E.R.A. Report Rer. M/T114. “AN AuTOMATIC COUNTER 
FOR THE MEASUREMENT OF IMPULSIVE INTERFERENCE.” By 
J. MiepzInskI, B.Sc. 12s. ; 

This report describes an automatic device for counting the 
number of occasions in a predetermined number (up to 50) 
of total switching operations when an electrical appliance 
causes the indications on an interference measuring set of 
C.1LS.P.R. type to reach or exceed a prescribed value. Use 
of the counter ‘has been found to effect a saving of 80% in 
the time of an operator carrying out the sequential test 
prescribed in B.S. 800: 1950 for appliances producing discon- 
tinuous radio interference. The device may have application 
in other types of production testing. 


E.R.A. Report Rer. V/T121. “THE DISPERSION METER. 
DESIGN AND DEVELOPMENT.” By G. MOLE. 18s. (POSTAGE 
4p.). 

Measurement of dielectric dispersion (i.e. the relative increase 
in instantaneous capacitance) over the time range 3-300 millisec 
has been found to be a useful method of testing paper insula- 
tion, since it is sensitive to significant quantities of moisture 
and yields zero response for dry specimens. The report 
covers the design and development of a portable electronic 
instrument which measures directly the dispersion and leakage- 
time-constant of insulation of all kinds within the capacitance 
range from 70pF to 0-35yuF, and gives readings which are 
immediately significant. 

Two modes of operation may be used. In the first, dis- 
persion is determined as the ratio of the recovery voltage to 
the charging voltage when the specimen is successively sub- 
jected to (i) a 300millisec charging pulse; (ii) a 3 millisec 
discharging pulse; and (iii) isolation. In the second, dis- 
persion is determined as the ratio of the isolation voltage to 
the charging voltage when the sepcimen is successively sub- 
jected to (i) a 3 millisec charging pulse; and (ii) a 300 millisec 
period of isolation. The charging and discharging pulses are 
generated by multivibrators and are applied to the specimen 
through a diode switching circuit having adequately low seif- 
capacitance and leakage in the isolation conditjon. The 
voltages on the specimen are observed by means of an 
electronic voltmeter incorporating a cathode-follower witich 
drives a guard system on the switching and voltmeter circuits 
in order to reduce stray capacitance and leakage to the 
required very low level. 


E.R.A. Report Rer. V/T124. “DisPeERsSION METER, Mopet 2. 
INSTRUCTION MANUAL.” 10s. 6D. 

The basic principle of the instrument, the design of which is 
described in E.R.A. Report Ref. V/T121, is first given, 


Journal I.E.E., October 1955 


followed by detailed instructions for calibrating and using it. 
Calibration circuits for dispersion and for leakage time- 
constant are given, together with a method for checking the 
calibration periodically. 


E.R.A. Report Rer. Z/T85. ‘“‘AsSOCIATED ABSORPTION 
SPECTRA IN Novag.” By C. E. R. Bruce. 12s, 6p. 


Examination of the spectral characteristics of novae suggests 
that one feature thereof is the close relationship which often 
exists between an absorption spectrum of low excitation and 
small displacement, and one of high excitation and larger 
displacement. An explanation for this association is afforded 
by the electrical discharge theory of novae, together with the 
writer’s theory of the leader stroke of the lightning discharge 
(E.R.A. Report Ref. S/T44). The core of the arc discharge 
will radiate the spectrum of low excitation, while that of 
higher excitation will be emitted by the surrounding envelope 
of corona discharge. A new explanation is now offered for 
the explosive outward movements of gas clouds in novae. 
It is suggested that the quasi-periodic variation in magnitude 
experienced by many novae is due to the spiralling of the 
discharge. 


E.R.A. Report Rer. Y/T16. “THE EFFecr OF SURFACE 
MATERIAL, SURFACE FINISH AND TEMPERATURE OF OPERATION 
ON THE DEPOSITION OF CARBONATE SCALE ON ELECTRIC 
IMMERSION HEATERS.” By M. V. GRIFFITH AND H. M. 
BROWNING. 15s. (POSTAGE 4D.). 


The report describes investigations which have been carried 
out under laboratory conditions in an endeavour to find a 
short-term solution of the problems arising when electric 
immersion heaters are used in hard-water areas. The experi- 
mental arrangements were such as to simulate practical con- 
ditions as nearly as possible. In addition, full-scale service 
trials, to be described in another report, were carried on in 
parallel with the laboratory tests. 

It is concluded that neither surface material nor surface 
finish has any useful effect on the rate of scale deposition. 
The use of chromium plating may be justified on the score 
of resistance to corrosive action by adherent scale. 


I.E.S. CODE FOR LIGHTING IN 


' BUILDINGS 


A revised version of the I.E.S. Code is now available. Copies 
may be obtained from The Illuminating Engineering Society, 
32 Victoria Street, London, S.W.1, price 5s. each. The Code 
is written to meet the needs of architects and lighting engineers, 
and to help users in formulating their Jighting requirements, 
covering as it does most industries and occupations. The 
Code is divided into three Parts on the following subjects: 
Light and Sight; Artificial Lighting; and Natural Lighting. 
There are also three appendices giving recommended values 
of illumination, a bibliography and a list of British Standards. 


FUEL RESEARCH 1954 

The above report, which has been published fairly recently, is 
available from H.M. Stationery Office, price 3s. (postage 2d.). 
Among the several sections of the report covering various 
aspects of solid and liquid fuels there is one of special interest 
to the electronic engineer on the concentration and distribu- 
tion of germanium in by-products of coal. 
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SOW BESENY BOOKS 








A. COBLENZ and H. L. OWENS 
TRANSISTORS: THEORY AND APPLICATIONS 
McGrRAw-HiLL. 329 pp. £2 2s. 6D. 


L. M. KRUGMAN 

FUNDAMENTALS OF TRANSISTORS 

New York: JOHN F. Riper. LONDON: CHAPMAN AND HALL. 
144 pp. 2ls. 


R. F. SHEA 

TRANSISTOR AUDIO AMPLIFIERS 

New York: JOHN WILEY. LONDON: CHAPMAN AND HALL. 
232 pp. £2 12s. 


Although these books differ very considerably in character 
and content, they have a great deal in common, and this will 
be discussed first. 

The setting up and solving of the equations of linear net- 
works using transistors is a peculiarly transatlantic enthusiasm 
and all these authors seem to have indulged in it to the full. 
Shea, while he makes quite clear the methods he uses has 
kept the more tedious parts of the calculations to himself, 
giving the results in graphical and tabular form. He uses 
the hybrid parameters of the transistor, which are not to 
everyone’s taste, especially as he derives a fresh set of para- 
meters for each of the three basic ways of using transistors in 
linear amplifying circuits. The results, however, are valuable. 
They are derived for particular types of transistor used in 
practical circuits, and great care is taken to consider the effects 
of likely variations in the parameters. 

Coblenz and Owens use the low-frequency T-network 
parameters and perform much of their algebra in front of 
the reader. Having derived expressions for single-stage 
earthed-base, earthed-emitter and earthed-collector amplifier 
connections, they proceed to go through all nine combinations 
of these circuits in a two-stage amplifier. Some of their 
results need to be taken with considerable reserve. They 
conclude, for instance, on page 144, that a typical value for 
the input resistance of a circuit using an earthed-collector 
point-contact transistor is 2 megohms. The paper to which 
they refer shows that values of input resistance of even two 
or three times the collector resistance of the transistor are 
attainable only by very critical adjustment of circuit para- 
meters, and so it would be unsafe, in practice, to rely on this 
resistance being higher than about 50000 ohms. 

A typical value for the power gain of a junction-transistor 
earthed-collector circuit is quoted by Coblenz and Owens as 
0-02 on pages 143 and 144. Superficial consideration of the 
functioning of this circuit, which resembles the cathode 
follower, shows that this is grossly in error. On reading 
page 143 one cannot avoid the impression that, despite pages 
of calculation of the linear theory of the circuit, the authors 
have not grasped how to choose the circuit operating condi- 
tions so as to keep the transistor on the linear part of its 
characteristic. Incidentally, both Shea and Krugman quote 
the power gain of the circuit as being about 20. 

Krugman’s circuit calculations are on lines similar to those 
of Coblenz and Owens, but he also includes worked numerical 
examples calculated for each type of circuit and for both 
point and junction transistors, together with a good deal of 
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information in graphical form. The graphs are less informa- 
tive than those of Shea. 

The calculations of Krugman and of Coblenz and Owens 
take insufficient account of the effects of likely variations in 
transistor parameters, so that point transistors used in 
earthed-emitter and earthed-collector amplifiers look more 
attractive than they are in practice. 

The three books show the need for rationalization of the 
sign and polarity conventions used in transistor and circuit 
drawing. In the calculation of linear transistor circuits the 
practice is unfortunately well éstablished of showing currents 
flowing into the transistor as having a positive sign, irrespec- 
tive of whether they flow in the emitter or collector lead. 
One unfortunate result of this is the correct but confusing 
statement by Coblenz and Owens that the earthed-collector 
junction-transistor circuit introduces no voltage phase 
reversal, but does introduce a current phase reversal. These 
authors also choose to make the arrows which indicate the 
flow of direct-current point in the direction of electron flow, 
and thus in a direction opposite to that of the arrow used to 
identify the emitter of a p-x-p or n-p-n transistor. Krugman 
is alone in showing the emitter arrow of both types of tran- 
sistor pointing towards the base. Fig. 5.22 shows the 
confusion this causes. 

Shea draws p-n-p transistors indiscriminately either way 
up, which makes it difficult to notice the presence of the 
occasional n-p-n transistor. Fig. 8.5 is a good example, 
which also shows the confusing result of making no attempt 
to position leads and components in accordance with their 
d.c. potentials. Negative leads and components would be 
better drawn below the earth line. 

The individual features of the books are discussed below. 

Transistors: Theory and Applications. The book begins with 
an elementary discussion of some of the physical concepts on 
which transistor theory is based and then discusses the 
physics of semi-conductors and transistors. This is well 
presented and easy to read. The part on circuit theory 
which follows includes a very weak chapter on switching 
circuits, similar to Krugman’s, and there is then an interesting 
account of manufacturing processes and materials. 

Fundamentals of Transistors. This is intended for the 
technician and the amateur, but these readers may be intimi- 
dated by the many pages of theory they will encounter before 
they meet their first practical circuit, half-way through the 
book. Many of the circuits have been over-simplified, and 
the reader experimenting with them may encounter difficulties 
of which he has not been warned and which he may not be 
able to overcome. In many places bad phrasing is likely to 
confuse or mislead, and there are numerous errors, some 
serious. The section on switching circuits is particularly 
weak, and the use of the Z-shaped emitter characteristic 
obtainable with the point transistor obscures the advantages 
to be obtained by earthing the emitter. The use of junction 
transistors in switching circuits has not been treated. 

No practical circuits are described; of the two circuits 
illustrated, one is an oscillator which depends for its operation 
on high-frequency phase shift in the transistor, and it is 
therefore unreasonable to include it without explanation. 

The book ends with a discussion of some recent develop- 
ments, but there are very few references later than 1953. 
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Transistor Audio Amplifiers. By restricting his scope the 
author has simplified his task, since he can ignore point 
transistors and most non-linear circuits, and is but little 
concerned with transistor physics or high-frequency effects. 
This more limited field has been covered extremely well. At 
every stage theory is closely related to actual transistor 
characteristics and to practical circuits. Characteristic 
curves are given for many American types of transistor and 


-the design of many amplifiers is discussed in detail in a very 


practical manner. 

One error, which might be harmful to transistors, should be 
noted. On page 166 is an expression for the power dissipated 
at the collector of a transistor in a Class B amplifier delivering 
maximum output, and it is stated that full dissipation is 
encountered only at full output. It can, however, be shown 
that maximum dissipation occurs at 40% of full power 
output, when it is almost 50% greater than the value 

ven. 

_ this book does not attempt to deal with high- 
frequency or non-linear circuits, the reader interested in 
transistor circuits, as distinct from transistor physics, will 
find it much more valuable than either of the other books. 


P. MATHEWS 
PROTECTIVE CURRENT TRANSFORMERS AND 
CIRCUITS 


CHAPMAN AND HALL. 253 Pp. 36s. 


The author’s object is to present the theory of the operation 
of a current transformer, with particular reference to its use 
in protective systems, and he achieves his end most com- 
petently. The book is divided broadly into two parts, 
steady-state conditions and transient conditions. One can 
sympathize with the author in his regret that the sequence is 
decided by expediency rather than by logic, but he may take 
consolation from the reflection that students are taught d.c. 
theory before a.c. for similar reasons. 

The subject is necessarily mathematical and, as the book is 
one of a series entitled ““Advanced Engineering Textbooks,” 
the extensive use of mathematics is justified. Moreover, the 
book gives the impression that the author has been careful to 
preserve a proper balance. He uses mathematics as a tool 
and not as an end in itself. 

The book opens with a simple statement of the basic 
theory and a consideration of simple equivalent circuits. 
This is followed by a chapter on a steady-state ferromagnetic 
theory, including methods for dealing with cores of mixed 
materials. The remainder of Part One is devoted to zonal 
protection, special applications of current transformers, 
design considerations and testing. Part Two follows a similar 
pattern but for transient conditions. It begins with a chapter 
on transient fault currents, followed by one on the trans- 
formation of such currents. Ferromagnetic effects with 
transient currents are next treated and finally the effects of 
transient currents in various systems of protection are 
considered. 

Admirable features of the book are a list of references at 
the end of each chapter, an excellent index and a complete 
list of the symbols used. A particularly welcome feature is 
the inclusion of a glossary of terms which might not be 
familiar to the general reader. A less desirable feature is the 
too frequent use of the first person plural; parts of the book 
resemble a verbatim report of a lecture. 

The general form of the book and the printing are excellent, 
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though there are minor blemishes. The lettering on a few 
of the Figures, especially those occurring early in the book, 
is hardly up to the standard which might be expected for a 
block drawing. This is particularly unfortunate since most 
of the Figures are excellent both in preparation and repro- 
duction. To the older engineer, the abbreviation ‘‘C.T.S.,” 
which occurs in the page headings of Chapter VIII, would 
suggest cable rather than current transformers. 

The few criticisms which have been made were the result 
of a deliberate search for defects and the book can confidently 
be recommended to those who need more than a superficial 
knowledge of the part played by current transformers in 
protective schemes. It is an excellent piece of work, and to 
the best of the reviewer’s knowledge is the first attempt to 
deal comprehensively with the subject. 


R. BEYAERT 
CALCUL DES PETITS TRANSFORMATEURS 
Paris: DUNOD. 416 Pp. £3 2s. 


Transformers may be divided roughly into two classes, 
according to their main function, either the transmission of 
information in the form of communication signals, or the 
transmission of electrical power for supply purposes. This 
book is concerned solely with transformers which fall into 
the second of these two classes, namely those intended for 
handling power at the supply mains frequency of 50 or 60c/s. 
The author points out that, whilst adequate published 
literature relating to the design of large 3-phase or single- 
phase oil-immersed transformers is already available, this 
cannot be said for relatively small, low-voltage transformers 
whose power output does not exceed about 1kVA and for 
which oil-immersion is not necessary, from the point of view 
either of cooling or of insulation. His book sets out to fill 
this gap and deals with the design of transformers whose 
primary voltages range from 110 to 380 volts and whose 
output voltages are generally considerably lower than this. 
In the few examples of step-up transformers discussed, the 
output voltage does not exceed about 1000 volts. It is 
essentially a practical book and no attempt has been made to 
include detailed theory or applications of transformers. 

The first chapter gives basic information which enables the 
core size, numbers of turns in primary and secondary windings 
and temperature rise to be determined. This information 
has been collected from a number of sources and is necessarily 
sometimes approximate and empirical, but it does neverthe- 
less form a useful guide in selecting the most suitable standard 
component parts and the best method of construction for 
a given purpose. Considerable attention is also paid to 
mechanical details of manufacture and assembly. 

Subsequent chapters deal more specifically with trans- 
formers for particular purposes and cover a wide field of 
application, including amongst other uses arc and resistance 
welding, battery charging and radio h.t. and L.t. supplies. 
Much practical information is also given about the circuits 
into which the respective transformers are to be connected, 
particularly in the chapters dealing with welding and with 
circuits involving copper-oxide and selenium rectifiers. 
Altogether, 19 numerical examples are worked out in detail 
to illustrate the methods described. 

There is no doubt that, in spite of any inconvenience from 
the Continental dimensions and standards, which are of 
course used throughout the book, it is a useful contribution 
to the literature of transformer design and manufacture. 
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QUBRARY ABVBSESSIOUS 


BOOKS 


AMERICAN RADIO RELAY LEAGUE 
The A.R.R.L. Antenna Book 


7th ed. West Hartford, Connecticut, American Radio Relay 
League, 1955. pp. 311. 24 x 16cm. 16s. approx. 

Deals with wave propagation and the principles of antennae and 
transmission lines. Gives practical details and data for constructing 
autennae suitable for the amateur bands. 


621.39 (03) 


BARDELL, P. R. 621.318 


Magnetic Materials in the Electrical Industry * 
London, Macdonald, 1955. pp. 288. 22 x 15cm. 32s. 6d. 


Discusses the influence of magnetic theory on the development of 
materials and the applications and testing of permanent magnets and 
soft magnetic materials. The uses include sound recording, non- 
destructive testing, and for transductors and transducers. There is a 
glossary of terms and units, and the trade names listed in the subject 
index will assist in the identification of a number of products. 


BELL, R. W. 8.08 
Write What You Mean * 
London, Allen and Unwin, 1954. pp. 116. 19 x 13cm. 7s. 6d. 


Discusses the difficulty of conveying thoughts and ideas in such a way 
as to produce exactly the same ideas and feelings in the mind of the 
reader. Enlarges on the importance of concentration and clear 
thinking about what to write, distinguishing between what is fact and 
what is inference, getting the sense right, then the feeling, the tone, 
and the intention. 


BILLITER, J. 621.357.1 
Die Technische Elektrolyse der Nichtmetalle (The 
industrial electrolysis of non-metals) 


Vienna, Springer-Verlag, 1954. pp. xii, 401. 23 x 16cm. 
£5 17s. 6d. 


BRUNS, R. A., and SAUNDERS, R. M. 621-52 
Analysis of Feedback Control Systems: Servomechanisms 
and automatic regulators 

London, McGraw-Hill, 1955. pp. xv, 383. 23 x 16cm. 

£2 13s. 6d. 

Discusses first the dynamics and transfer functions of components 
(whether mechanical, electrical, hydraulic or pneumatic) and then 
deals with the analysis of feedback control systems. The reader is 
expected to be familiar with steady state a.c. circuit theory, the 
fundamental laws of dynamics and elementary differential equations. 


BURGESS, E. 629.135 
Frontier to Space * 


London, Chapman and Hall, 1955. pp. xvi, 174. 22 x 14cm. 
21s. 


Describes the investigations being carried out by means of rockets, 
and the instruments which are used to obtain and record results. 
CARPENTIER, H. 621.315.1 
Lignes Electriques T.H.T. (Very-high-voltage lines) 


Paris, Editions Eyrolles, 1955. pp. 250. 25 x 16cm. £4 18s. 
approx. 
This book will be reviewed in a future issue. 
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* Denotes that the publication is also in the Lending Library. The 
publications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members, 


“CATHODE RAY” 621.396 


Second Thoughts on Radio Theory * 

London, Iliffe, 1955. pp. 409. 22 x 14cm. 25s. 

A series of articles in the Wireless World rearranged and brought 
up to date where necessary. They are obviously intended primarily 
to help the amateur to a better understanding of the theoretical side 
of the subject, but will certainly have a wider appeal. The author 
has a keen sense of humour which he uses freely. 


CHESTNU1, H., and MAYER, R. W. 621-52 
Servomechanisms and Regulating System Design * Vol. 2 
New York, Wiley; London, Chapman and Hall, 1955. pp. xiii, 384. 
24 x l6cm. £3 8s. ; 

Volume I deals with circuit theory and the principles of various 
feedback systems. This volume deals with design considerations, 
It discusses measurement techniques, the influence of input charac- 
teristics on design, attenuation-frequency networks, amplifier design, 
consideration of the signal as an alternating current, and linearization 
of non-linear elements. 


CLASON, W. E. (Compiler) 413=00 
Elsevier’s Dictionary of Television, Radar and Antennas. 
In six languages 

Amsterdam, Elsevier, 1955. pp. 760. 23 x l6cm. £6. 


The first of a series of technical dictionaries relating to special fields 
of science or industry. It is easy to use—the main section is arranged 
alphabetically under the English term followed by a definition in 
English; the corresponding words in other languages being arranged 
horizontally. Alphabetical indexes in each of the other languages 
refer to the number of the appropriate entry in the English section. 
The definitions are based on the glossaries issued by the standardizing 
authorities of the different countries. 
CRAWFORD, A. E. 
Ultrasonic Engineering * 
London, Butterworths Scientific Publications, 1955. pp. x, 344. 
23 x 14cm. £2 5s. 

Describes various types of generator and transducer and the applica- 
tions of ultrasonics in chemistry, metallurgy, biology and medicine. 


Ultrasonic instruments for determining the properties of materials, 
detection, etc., are also described. 


DE VRIES, L. 413=30 
German-English Technical and Engineering Dictionary 
New York, McGraw-Hill, 1950. pp. xiv, 928. 23 x 16cm. £7. 


Contains over 125000 entries including many new words from 
glossaries compiled by experienced translators and scientists in such 
fields as radar, electronics, television and jet propulsion. 


DORF, R. H. 681.8 
Electronic Musical Instruments * 

Mineola, New York, Radio Magazines, 1954. pp. 326. 23 x 15cm. 
£3. 

Describes the basic principles underlying the design of electronic 
organs, gives details of a number of commercial models and descrip- 
tions of how to make two different types. 


ENGSTROM, E. 
Engelsk-Svensk Teknisk Ordbok 


Stockholm, Svensk Travaru-Tidning, 1953. pp. 365. 24 x 16cm. 
£6 12s. 
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ENGSTROM, E. 413 = 397 


Svensk-Engelsk Teknisk Ordbok 
Stockholm, Svensk Travaru-Tidning, 1953. pp. 405. 24 x 16cm. 
£6 12s. 


FOCACCIA, B. 621.31 
Applicazioni Elettriche 

2 vols. Milan, Vallardi. Vol. 1, 2nd ed., 1948. pp. xv, 725. 
Vol. 2, 1954. pp. xv, 446. 25 x 17cm. 


FROIDEVAUX, J. 413=40 
Documentation Franco-Anglaise de l’Energie Electrique 
Paris, Dunod, 1955. pp. xviii, 179. 18 x 12cm. 27s. 

Contains conversion tables for British Imperial measures and units 
and French units; a classified section of electrical terms relating to 
machines, steam and hydraulic power stations, batteries, traction, 
heating and lighting; and an alphabetical index in English and one in 
French. 


GOUDET, G. 621.38 


Electronique Industrielle 

Paris, Editions Fyrolles, 1955. pp. 635. 25 x 17cm. £5 12s. 
approx. 

This book will be reviewed in a future issue. 
GOURIET, G. G. 621.397.3 
An Introduction to Colour Television * 

London, Norman Price, 1955. pp. 72. 22 x IScm. 8s. 6d. 


A series of lectures to the Television Society in 1954 explaining the 
development and theory of the present American system. 


GRIVET, P., and others $37.533.7 
Optique Electronique. Vol. 1. Lentilles Electronique 
Bordas, 1955. pp. 184. 24 x 16cm. 

This book will be reviewed in a future issue. 


HALLOWS, R. W. 539 


Atoms and Atomic Energy * 

London, Chapman and Hall, 1950. pp. vi, 196. 19 x 13cm. 
10s. 6d. 

A really simple and interesting explanation of the discoveries which 
have led up to our present knowledge of the atom, chain reactions, 
the atomic bomb, nuclear energy and useful by-products. 


IVE, G. A. G, 621.383 
Photo-Electric Handbook: With notes on installations 
and maintenance * 

London, Newnes, 1955. pp. vii, 152. 22 x 14cm. 17s. 6d. 


This is a practical work. It describes the behaviour of photo-cells, 
thermionic valve circuits incorporating photo-cells, mechanical relays 
and counters, optical systems, and control units. 


JAY, K. E. B. 539 
Atomic Energy Research at Harwell * 

London, Butterworths Scientific Publications, 1955. pp. xii, 144. 
21 x 14cm. ‘5s. 

Continues the story of “The British Atomic Energy Research 
Establishment, 1946-1951.” Part I describes for the non-technical 
reader the major programmes of the establishment, Part II deals in 
more detail with selected researches and is written for scientific 
readers but not necessarily specialists in the fields discussed. 
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MOULLIN, E. B. 621.313.2 
Electromagnetic Principles of the Dynamo * 
Oxford, Clarendon Press, 1955. pp. xi, 367. £2 10s. 
This is a purely academic book in which the electromagnetic principles 
of the dynamo are used as a discipline for mental training; it is 
intended to be used in conjunction with the author’s “‘Principles of 
electromagnetism,” not as a book on dynamo design. The book will 
be reviewed in a future issue. 


MOULLIN, E. B. 

The Principles of Electromagnetism * 

3rded. Oxford, Clarendon Press, 1955. pp. viii, 438. 24 x 16cm. 
£2 5s. 

Intended mainly for those concerned with the electromagnetic aspects 
of the design of short-wave aerials. The earlier chapters are suitable 
as a textbook for a course on electromagnetic theory. Advanced 
problems and their solutions are given in the appendices which have 
been extended in this edition. 


621.396.9: 523.1 
PAWSEY, J. L., and BRACEWELL, R. N. 
Radio Astronomy * 
Oxford, Clarendon Press, 1955. pp. x, 361. 24 x 16cm. £2 15s. 
This is not a book written solely for the specialist for it may be 
followed readily by anyone with a background of physics. It reviews 
progress from 1931 to 1952 describing techniques for observations of 
extraterrestrial waves, solar radio waves, cosmic ray waves, thermal 
radio waves from the moon, echoes, meteors, and effects of the 
terrestrial atmosphere on extraterrestrial waves. 


PEPPER, J. 551.5 
The Meteorology of the Falkland Islands and Dependencies 
1944-1950 

London, Falkland Islands Dependencies Survey, 1954. pp. v, 249. 
29 x 24cm. £2 2s. 


Gives a survey of the records obtained from ten stations over a period 
of seven years and describes the difficulties encountered in endeavour- 
ing to get reliable figures. The history of each station, its surroundings 
and the site itself are also described. The meteorological records of 
each station are tabulated. 


PERRY, C. C., and LISSNER, H. R. 
The Strain Gage Primer * 

New York, McGraw-Hill, 1955. pp. xi, 281. 24 x l6cm. £2 5s. 
A practical guide to the best methods of using the bonded-wire strain- 
gauge. 

PLAYER, J. W. (Editor) 681.11 
Britten’s Watch and Clock Makers’ Handbook 

15th ed. London, Spon, 1955. pp. 598. 23 x 16cm. £3 3s. 


The previous edition of this well-known work was published in 1938. 
Although intended primarily for those in the watch and clock trade it 
contains much information likely to be useful to those concerned with 
instruments and fine mechanisms. 


RECORD, P. D. (Editor) 014: 043 
Index to Theses accepted for Higher Degrees in the 
Universities of Great Britain and Ireland. Volume 1. 
1950-51 

London, Aslib, 1953. pp. xii, 157. 24 x 15cm. 2ls. 

A considerable amount of original work and research is described each 
year in theses, but in the past it has been difficult to discover what 
information of this kind existed, and this, the first annual volume will 
be most useful. Arranged under broad subject headings it gives the 
author’s name, the university, the title of the thesis, and the degree 
for which it was accepted. The introductory notes are particularly 
informative. 


620.172 
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RETTINGER, M. 534.8 
Practical Electroacoustics * 

London, Thames and Hudson [1955], pp. 271. 22 x 14cm. 
£3 3s. 

A practical book which describes microphones, loudspeakers, mixing 
circuits, public-address systems, the acoustical treatment of rooms, 
and magnetic recording. It does not deal with amplifiers, disc 
recording or acoustical measurements. 


RICHARDS, R. K. 518.5 

Arithmetic Operations in Digital Computers * 

New York, Van Nostrand, 1955. pp. iv, 397. 24 x 16cm. 

£2 12s. 6d. 

Discusses systems of symbols used in computations using machines. 

Gives little attention to components and circuits although the 

advantages of various systems from the engineering point of view are 
- discussed. Methods employed in the binary and the decimal systems 

are dealt with and programming principles are explained. 


RICHARDSON, R. C. H. 621.313.005 
The Commissioning of Electrical Plant and Associated 
Problems * 

3rd ed. London, Chapman and Hall, 1955. pp. xv, 440. 
22 x 15cm. £2 10s. 


General and precise information on alternators, a.c. motors, trans- 
formers, d.c. generators, rectifiers and circuit-breakers based on 
experiences in the field. 





RILEY, J. F. 

The Hammer and the Anvil * 
Clapham, Yorkshire, Dalesman Publishing Company, 1954, 
pp. 40. 21 x 14cm. 4s. 6d. 

This little book adds to the information given in most of the bio- 
graphies of Michael Faraday by describing his forbears, the small 
farm in Yorkshire where they lived, and the development of Sande- 
manianism and its introduction to their little community. 


92(Far) 


ROBIETTE, A. G. E. 

Electric Melting and Smelting Practice * 
London, Charles Griffin, 1955. pp. vii, 347. 25 x 16cm. 
£2 10s. 

Describes the construction and operation of the principal types of 
electric furnace, and discusses new processes and techniques, and 
changes in design due to increasing size and mechanization. The 
book will be reviewed in a future issue. 


SPREADBURY, E. A. W. 

Television Receiver Servicing * Vol. 2 
London, Iliffe, 1955. pp. 308. 23 x 14cm. 2ls. 
Deals in a practical way with the localization of faults in the various 
stages of a television receiver. Volume I deals with time-bases and 
their associated circuits. This volume deals with all the other 
sections of a receiver, with interference suppression and with multi- 
channel tuning systems. 


621.365 


621.397.62 
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THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 25TH SEPTEMBER, 


1955 
No. of 


Contributors £ ‘<< 
£1000 and over 6 6000 0 O 
£100 to < £1000 29 6386 3 0 
£5 to < £100 770 8375 14 5 
£2 to <£5 1822 5027 8 8 
Under £2 17624 9361 5 1 
£35150 11 2 
SCHOLARSHIPS 


The following scholarships have been awarded by the Council 
for 1955: 
RESEARCH SCHOLARSHIPS 
Ferranti Scholarship (Annual value £500; tenable 
for two years) 


K. C. MUKHERII University of London, King’s College. 


(Annual value £420; tenable for 
one year, but may be extended) 
University of London, City and Guilds 
College. 


Oliver Lodge Scholarship 


M. REDWooD 


(Annual vaiue £420; tenable for 

one year, but may be extended) 
University of London, City and Guilds 
College. 


I.M.E.A. Scholarship 


M. P. BEDDOES 


664 


YO WSH3seas 


Swan Memorial Scholarship (Annual value £120; tenable for 
one year, but may be extended) 

University of London, City and 

Guilds College. 

University of Manchester. 


T. C. DENTON 
J. L. LEONARD 


STUDENT SCHOLARSHIPS 


Duddell Scholarship (Annual value £200; tenable for 
three years) 


J.B. MITCHELMORE University of London, King’s College. 


Paul Scholarship (Annual value £75; tenable for 
one year) 
P. N. EVERETT Clare College, University of 
Cambridge. 
Thorrowgood Scholarship (Annual value £25; tenable for 
one year, but may be extended) 
D. G. BROWN Crewe Technical College. 


R. F. R. KNIGHT Southall Technical College. 


LIST OF MEMBERS 


Copies of Part I of the List of Members (corrected to Ist July, 
1955) containing the names and addresses of Members, 
Associate Members, and Companions, can now be obtained 
on application to the Secretary. The price to members is 
2s. 6d., and to non-members 7s. 6d., per copy. 

Part II of the List (corrected to Ist July, 1954), containing 
the names and addresses of Associates, Graduates, ané 
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Students, is also available. The prices are the same as for 
Part I. 


KING GEORGE VI MEMORIAL 
FELLOWSHIPS 


A further opportunity for British students to work in American 
universities has been established by the English-Speaking 
Union of the United States in the form of King George VI 
Memorial Fellowships. Each fellowship is worth $2500 
together with tuition fees and travelling expenses to and from 
the United States. It is stressed that these awards are open 
not only to university graduates but also to suitable holders of 
Higher National Certificates. The fellowships were first 
awarded last year, and there have been encouraging reports of 
the 26 students now at American universities who received 
them. 

The British Selection Committee is now eager to receive 
applications for 1956-57, especially from non-graduates who 
are highly qualified in scientific and technical knowledge. 
A special point is that there will be two fellowships for 
Australian, and one for New Zealand students, and these will 
be selected by their own National Committees. Full details 
of these fellowships can be obtained from the Secretary, 
King George VI Memorial Fellowships, British Selection 
Committee, 37 Charles Street, Berkeley Square, London, W.1. 


ARRANGEMENTS WITH ENGINEERING 
INSTITUTIONS OVERSEA 


Members who may have to travel abroad are reminded that 
in certain countries reciprocal arrangements are in operation 
for the extension of privileges to visiting members. The 
complete list of Institutions concerned is now as follows: 


Country Institution 
Austria Osterreichischer Ingenieur- und Architekten-Verein. 
Australia Institution of Engineers, Australia. 





Belgium Société Royale Belge des Ingénieurs et des Industriels. 
Société Belge des Electriciens. 
Brazil Instituto de Engenharia, Sao Paulo. 
Canada Engineering Institute of Canada. 
Denmark Dansk Ingeniorforening. 
Finland Suomalisten Teknikkojen Seura. 
Tekniska Féreningen i Finland. 
France Société des Ingénieurs Civils de France. 
Société Francaise des Electriciens. 
Germany Verein Deutscher Ingenieure. 
Holland Koninklijk Instituut van Ingenieurs. 
Iceland Association of Chartered Engineers in Iceland. 
India Institution of Engineers, India. 
Italy Associazione Elettrotecnica Italiana. 
Japan Institute of Electrical Engineers of Japan. 
New Zealand New Zealand Institution of Engineers. 
Norway Norsk Elektroteknisk Forening. 
Norsk Ingeniorforening. 
South Africa South African Institution of Civil Engineers. 
South African Institute of Electrical Engineers. 
South African Institution of Mechanical Engineers. 
Sweden Svenska Teknologf6éreningen. 
Switzerland Schweizerischer Ingenieur- und Architekten-Verein. 
Turkey Turkish Engineering Society. 
United States | American Institute of Electrical Engineers. 


The Secretary will gladly give letters of introduction to 


American Institute of Chemical Engineers. 


American Institute of Mining and Metallurgical 


Engineers. 
Institute of Radio Engineers. 


members visiting these countries. 
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BRITISH NUCLEAR ENERGY 
CONFERENCE 


The British Nuclear Energy Conference, as most members 
will know, has been formed mainly to satisfy the need of 
scientists and engineers for a common platform where 
developments and applications of nuclear energy can be 
discussed. The Inaugural Meeting of the Conference is on 
the 30th November, 1955, and particulars of the arrangements 
appear on page 673. 


SYNOPSES OF LECTURES AT THE 
INAUGURAL MEETING 


“The United Kingdom Atomic Energy Project,” by Sir John 
Cockcroft. 


The U.K.A.E.A. has three main groups: Weapons, Industrial 
and Research. The Research Group carries out research 
and development directly relating to civilian application of 
atomic energy. The Industrial Group designs and operates 
factories for the production of uranium metal and the 
fissionable materials uranium 235 and plutonium. It has also 
a design office for the design of pioneer nuclear power stations. 

The nuclear power programme of the future requires the 
development of new types of power stations as successors to 
the gas-controlled graphite-moderated power stations which 
are now to be constructed by industry. The Research and 
Industrial Groups together explore the different possible types 
of future power stations and are carrying out design studies 
on the most promising types. During the last year, for 
example, a design study on the pressurized-water reactor has 
been carried out in collaboration with industry and the 
C.E.A. The comparative merits of this and other possible 
“‘stage-2”” reactors are now being assessed. At the same time 
longer-range work is carried out on still more advanced 
reactors such as the homogeneous reactor and the fast reactor. 

Each new reactor requires the development of specified 
technologies, particularly in the development of appropriate 
fuel elements and associated chemical processing facilities for 
spent fuel elements. This development requires an intensive 
testing programme of reactor components, and the Authority 
is now building three heavy-water research and fuel-element- 
testing reactors. Such reactors require associated heavily 
shielded and remote-handling facilities for examining the 
highly radioactive components. These expensive central 
facilities are likely to continue to be provided by the Authority. 
It seems also likely that fuel-element fabrication and 
chemical-processing facilities will be provided by it. 
Industry will take an increasing share of the research and 
development, and construction, work, for reactors and 
nuclear power stations, and the pattern of co-operation is 
being worked out by experience. 

The Research Group is responsible for the production and 
application of radioactive isotopes and radiation. These 
applications are growing rapidly, at about 25% a year, and it 
is expected soon to have very powerful sources of radiation 
available for industrial processes. The Research Group also 
looks to the future and carries out research and long-term 
projects. 


“The Place of Nuclear Energy in United Kingdom Power 
Development,” by V. A. Pask and. J. A. Duckworth. 


The first part of the lecture reviews the future electricity 
requirements and indicates the minimum nuclear power needed 
to avoid the import of fossil fuels. The present nuclear power 
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programme with graphite-moderated gas-cooled reactors is 
referred to, and a comparison is made between the probable 
costs of generation at the early nuclear power stations and 
costs typical of coal-fired base-load stations. The second part 
deals with the impact of base-load nuclear plant upon the 
design and operation of coal-fired plant, and upon schemes 
for pumped storage. It also discusses the probable radical 
alteration in economic system development through extensive 
use of nuclear generation. 


“The Use of Research Reactors in Nuclear Power Develop- 
ment,” by H. J. Grout. 


The rapid development of reactor technology is of vital 
importance for the achievement of economic nuclear power; 
the nuclear engineer has no broad background of past 
experience to guide him in the design and specification of 
nuclear power reactors but has to rely very largely on the 
results of theoretical calculations and laboratory experiments. 

The role of research reactors is to provide both the radiation 
field and test-bed facilities to enable the behaviour of reactor 
materials and components to be studied and tested under 
simulated operating conditions and to obtain fundamental 
information in the fields of reactor physics, chemistry and 
metallurgy. Not all these research and development activities 
can be performed in a single reactor; the present tendency is 
to design research reactors for fairly specific duties and the 
U.K.A.E.A. have in operation or under construction reactors 
for the study of shielding, core geometry, materials testing 
and fundamental measurement. 


“Health and Safety in a Nuclear Power Industry,” by A. S. 
McLean and W. H. Marley. 


The paper is introduced by a short review of the general 
effects of radioactivity and ionizing radiation on human beings 
and the basic problems of radiation protection. The various 
features of a nuclear power development, such as the nuclear 
reactors, chemical separation plants and waste-disposal 
facilities are examined in relation to their potential occupa- 
tional and public-health hazards, and these are compared 
with the health and safety problems arising elsewhere in 
industry. The extensive experience of the U.K.A.E.A. in this 
field is reviewed and used to indicate the type of protective 
measures and procedures which are likely to be effective in 
ensuring continued safe development in the new industry. 


JOURNAL OF THE BRITISH NUCLEAR 
ENERGY CONFERENCE 


The Journal of the British Nuclear Energy Conference will 
contain papers and discussions connected with the British 
Nuclear Energy Conference. The first issue of the journal 
will appear in January, 1956, and subsequent issues in July, 
1956, and January, April, July and October, 1957. 

A subscription form for 1956 is enclosed with this issue of 
the Journal of The Institution. 


A MONOGRAPH FROM SOUTH AFRICA 


The South African Institute of Electrical Engineers have 
announced the publication of a monograph entitled The 
Protection of Open-Wire Communication Systems from 
Lightning Damage and Interference with particular reference 
to South Africa, by D. P. J. Retief, I. C. Ramsay and C. F. 
Boyce. Copies may be purchased by members through 
The Institution at £2 each. The price to non-members is £3. 
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ELECTRIC TRACTION LECTURES 


The Borough Polytechnic is giving an evening course of 
twenty lectures on electric traction, which began on the 
6th October, 1955. The lecturers are specialists from diverse 
branches of the industry, and the course will provide thorough 
surveys of every aspect of the subject, including the design, 
construction and theory of electric vehicles and descriptions 
of the many different systems in use. The fee for the course 
is £2 10s. and application for registration should be made 
forthwith to the Secretary, Borough Polytechnic, Borough 
Road, London, S.E.1. 


OLYMPIC GAMES 


The Institution of Engineers, Australia, have extended a kind 
offer of hospitality to all members of The Institution who 
plan to go to the Olympic Games in November, 1956, whether 
in an official capacity or as observers. If, during their stay 
in Australia, these members would like to inspect engineering 
works or industries in the State of Victoria, the Australian 
Institution would be pleased to make the necessary arrange- 
ments. Members who are interested should write to the 
Hospitality Officer, The Institution of Engineers, Australia, 
Kelvin Hall, 55 Collins Place, Melbourne, Australia, giving 
details of the time they will spend in Australia, their particular 
interests and anything they especially wish to see. 


PHASE TRANSFORMATIONS IN 
METALS 


A symposium on “The Mechanism of Phase Transformations 
in Metals” has been organized by the Institute of Metals, and 
will be held in the Lecture Theatre of the Royal Institution, 
Albemarle Street, London, W.1, on the 9th November, 1955. 
Members of The Institution are invited to participate in this 
meeting, which will be attended by scientists from many 
countries, and those interested should apply for a programme 
and registration form to the Secretary, The Institute of 
Metals, 4 Grosvenor Gardens, London, S.W.1. The registra- 
tion fee of 10s. will entitle participants in the meeting to a set 
of advance copies of the papers, to enable them to take part 
in the discussion. All the papers and a report of the discus- 
sion will be published subsequently in book form. No 
additional papers can now be accepted. 


WIRING REGULATIONS 


Notice has been received that the Minister of Fuel and Power 
has approved for the purposes of the Electricity Supply 
Regulations 1937 (which now have effect as if made by the 
Minister under Section 60 of the Electricity Act, 1947), the 
Thirteenth Edition of the “Regulations for the Electrical 
Equipment of Buildings,” with effect from the Ist September, 
1955. 

Corresponding approval by the Secretary of State for 
Scotland has also been signified. 


NOMINATION 
CITY AND GUILDS OF LONDON ADVISORY COMMITTEE ON 
TECHNICAL ILLUSTRATION 


The Council have nominated Mr. C. T. Rivington, M.A., 
Associate Member, to serve as their representative on the 
above Committee. 





se of 
n the 
iverse 
rough 
esign, 
tions 


Ourse 
made 


‘ough 


kind 
who 
ether 
' Stay 
ering 
alian 
inge- 
» the 


iving 
ular 


ions 


‘ion, 
955. 


wer 
yply 


der, 


for 


ON 





OFFISERS 


Journal 1.E.E., October 1955 


OF TOS JSvorUTION 














PRESIDENT 


PAST- 
PRESIDENTS 


VICE- 
PRESIDENTS 


HONORARY 
TREASURER 
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Chairmen and 
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PATRON: H.M. THE QUEEN 


Council, 1955—56 


SIR GEORGE H. NELSON, BART. 


SIR JAMES SWINBURNE, BART., F.R.S. 

W. H. ECCLES, D.SC., F.R.S. 

THE RT. HON. THE EARL OF MOUNT 
EDGCUMBE, T.D. 

J. M. DONALDSON, M.C. 

PROFESSOR E. W. MARCHANT, D.SC. 

P. V. HUNTER, C.B.E. 

H. T. YOUNG 

SIR GEORGE LEE, O.B.E., M.C. 

SIR ARTHUR P. M. FLEMING, C.B.E., D.ENG., 
LL.D. 

J. R. BEARD, C.B.E., M.SC. 

SIR NOEL ASHBRIDGE, B.SC.(ENG.) 

COL. SIR A. STANLEY ANGWIN, K.B.E., 
D.S.O., M.C., T.D., D.SC.(ENG.) 

SIR HARRY RAILING, D.ENG. 

P. DUNSHEATH, C.B.E., M.A., D.SC.(ENG.) 

SIR VINCENT Z. DE FERRANTI, M.C. 

T. G. N. HALDANE, M.A. 

PROFESSOR E. B. MOULLIN, M.A., SC.D. 

SIR ARCHIBALD J. GILL, B.SC.(ENG.) 

SIR JOHN HACKING 

COL. B. H. LEESON, C.B.E., T.D. 

SIR HAROLD BISHOP, C.B.E., B.SC.(ENG.) 

J. ECCLES, C.B.E., B.SC. 


T. E. GOLDUP, C.B.E. 

S. E. GOODALL, M.SC.(ENG.) 

WILLIS JACKSON, D.SC., D.PHIL., F.R.S. 

SIR HAMISH D. MACLAREN, K.B.E., C.B., 
D.F.C., LL.D., B.SC. 

SIR W. GORDON RADLEY, C.B.E., 
PH.D.(ENG.) 


THE RT. HON. THE VISCOUNT FALMOUTH 


PROFESSOR H. E. M. BARLOW, PH.D., 
B.SC.(ENG.) 

J. BENNETT 

Cc. M. COCK 

A. R. COOPER, M.ENG. 

A. T. CRAWFORD, B.SC. 

B. DONKIN, B.A. 

PROFESSOR J. GREIG, M.SC., PH.D. 

F. J. LANE, O.B.E., M.SC. 

G. S. C. LUCAS, O.B.E. 

D. MACDONALD, B.SC. 


C. T. MELLING, C.B.E., M.SC.TECH. 
H. H. MULLENS, B.SC. 

W. F. PARKER 

R. L. SMITH-ROSE, C.B.E., D.SC., PH.D. 
G. L. WATES, J.P. 

G. O. WATSON 

D. B. WELBOURN, M.A. 

J. H. WESTCOTT, B.SC.(ENG.), PH.D. 
E. L. E. WHEATCROFT, M.A. 

R. T. B. WYNN, C.B.E., M.A. 


Measurement and Control 
W. BAMFORD, B.SC. 


*M. WHITEHEAD 


Chairmen and 
Past-Chairmen 
of Sections 
—contd. 


Chairmen and 
Past-Chairmen of 
Local Centres 


SECRETARY 
Deputy 
Secretary 
Assistant 
Secretary 
Editor-in-Chief 


Journal Editor 


Radio and Telecommunication 
H. STANESBY 
*C. W. OATLEY, M.A., M.SC. 


Supply 
L. DRUCQUER 
*}. D. PEATTIE, B.SC. 


Utilization 
D. B. HOGG, M.B.E., T.D. 
*j,. I. BERNARD, B.SC.TECH. 


East Midland 
F. R. C. ROBERTS 
*}, H. MITCHELL, B.SC., PH.D. 


Mersey and North Wales 
PROFESSOR J. M. MEEK, D.ENG. 
*p. R. DUNN, B.SC. 


North-Eastern 
A. H. KENYON 
*G. W. B. MITCHELL, B.A. 


North Midland 
F. BARRELL 
*G. CATON 


North-Western 
G. V. SADLER 
*PROFESSOR E. BRADSHAW, M.B.E., 
M.SC.TECH., PH.D. 


Northern Ireland 
MAJOR E. N. CUNLIFFE, B.SC.TECH. 
*MAJOR P. L. BARKER, B.SC. 


Scottish 
E. WILKINSON, PH.D., B.ENG. 
*J. S. HASTIE, B.SC.(ENG.) 


South Midland 
H. S. DAVIDSON, T.D. 
*a. R. BLANDFORD 


Southern 
L. H. FULLER, B.SC.(ENG.) 
*E. A. LOGAN, M.SC. 


Western 
T. G. DASH, J.P. 
*a. N. IRENS 
* Past-Chairman 


W. K. BRASHER, C.B.E., M.A., M.LE.E. 
F. JERVIS SMITH, M.I.E.E. 


F. C. HARRIS 
G. E. WILLIAMS, B.SC.(ENG.), M.I.E.E. 
C. T. RIVINGTON, M.A., A.M.I.E.E. 
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Local Gentre Officers 





EAST MIDLAND CENTRE 

Chairman: F. R. C. RoBERTs. 

Hon. Secretary: W. ALEXANDER, M.Sc.(Eng.), Ph.D., The University, 
Nottingham. 

Hon. Asst. Secretary: H. T. Price, Brush Electrical Engineering Co., 
Ltd., Loughborough. 

Cambridge Radio and Telecommunication Group 

Chairman: BriGapteR E. J. H. MopPett. 


Hon. Secretary: CAPTAIN N. HILuer, B.Sc.(Eng.), 9 Richmond Road, 
Cambridge. 


East Anglian Sub-Centre 
Chairman: E. T. Norris. 
Hon. Secretary: R. A. W. Connor, Eastern House, Felixstowe, Suffolk. 


MERSEY AND NORTH WALES CENTRE 
Chairman: Proressor J. M. Meek, D.Eng. 


Hon. Secretary: J. W. Lynn, M.Sc., Electrical Engineering Dept., 
Liverpool University, Liverpool. 
Hon. Asst. Secretary: S. Towi.i, B.Sc.(Eng.), 74 Hoole Road, Chester. 


NORTH-EASTERN CENTRE 
Chairman: A. H. KENYON. 


Joint Hon. Secretaries: A. T. CRAwForRD, B.Sc., 18 Rectory Terrace, 
South Gosforth, Newcastle upon Tyne, 3. R. Bruce, M.Sc., 21 Elgy 
Road, Gosforth, Newcastle upon Tyne, 3. 


North-Eastern Radio and Measurements Group 
Chairman: C. H. W. Lackey, B.Sc. 


Joint Hon. Secretaries: A. T. CRAWFORD, B.Sc., 18 Rectory Terrace, 
South Gosforth, Newcastle upon Tyne, 3. R. Bruce, M.Sc., 21 Elgy 
Road, Gosforth, Newcastle upon Tyne, 3. 


Hon. Asst. Secretary: R. F. Cockpurn, Rutherford College of Tech- 
nology, Bath Lane, Newcastle upon Tyne, 1. 


Tees-Side Sub-Centre 
Chairman: J. HiGson. 
Hon. Secretary: J. G. WINNARD, 18 Richmond Road, Redcar, Yorks. 


NORTH MIDLAND CENTRE 
“Chairman: F. BARRELL. 


Hon. Secretary: H. A. Carr, c/o Reyrolle & Co., Ltd., 20/22 St. Paul’s 
Street, Leeds, 1. 


Hon. Asst. Secretary: T. H. Scuores, c/o Reyrolle & Co., Ltd., 20/22 
St. Paul’s Street, Leeds, 1. 


North Midland Utilization Group 

Chairman: J. C. W. WILKINSON. 

Hon. Secretary: G. Auton, Yorkshire Switchgear and Engineering 
Co., Ltd., Meanwood, Leeds, 6 

Sheffield Sub-Centre 

Chairman: W. REWCASTLE, B.Sc. 

Hon. Secretary: J. A. WALKER, 154 Springfield Road, Sheffield, 7. 
Hon. Asst. Secretary: G. H. Byrom, 285 Ringinglow Road, Sheffield, 11. 


NORTH-WESTERN CENTRE 
Chairman: G. V. SADLER. 
Hon. Secretary: T. T. Evans, 9 Kingston Drive, Sale, Cheshire. 


Hon. Asst. Secretary: H. DiGGue, B.Sc.Tech., Transformer Engineering 
Dept., Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, 
Manchester, 17. 


North-Western Measurement and Control Group 

Chairman: J. C. West, B.Sc., Ph.D. 

Hon. Secretary: J. TROLAN, 25 Highbank Drive, East Didsbury, 
Manchester, 20. 

North-Western Radio and Telecommunication Group 

Chairman: A. C. NORMINGTON, B.Sc.(Eng.). 

Hon. Secretary: L. S. Piccotr, M.Sc.(Eng.), Electrical Engineering 
Laboratories, The University, Manchester, 13. 

North-Western Supply Group 

Chairman: E. M. JoHNsON, M.Sc.Tech. 


Hon. Secretary: F. W. Gee, B.Sc.Tech., Chief Designer, Transformer 
Dept., Ferranti Ltd., Hollinwood, Lancs. 
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North-Western Utilization Group 
Chairman: J. C. JonEs. 


Hon. Secretary: W. F. Jarvis, clo North Western Electricity Board, 
No. 1 Sub-Area, Town Hall Ext. (4th Floor), Manchester. 


North Lancashire Sub-Centre 
Chairman: W. Warv. 


Hon. Secretary: C. E. Smitu, B.Sc.(Eng.), The North Western Elec- 
tricity Board, 40/41 Lune Street, Preston. 


Hon. Asst. Secretary and Treasurer: F. Day, 7 Yewlands Crescent, 
Broughton, Preston, Lancs. 


NORTHERN IRELAND CENTRE 
Chairman: Masor E. N. CunuiFre, B.Sc.Tech. 
Hon. Secretary: T. S. Wywte, 37 Thornleigh Gardens, Bangor, C. Down. 


Hon. Asst. Secretary: W. H. FARMER, Room 49, Telephone House, 
1 Cromac Street, Belfast. ; 


SCOTTISH CENTRE 
Chairman: E. WiLKtnson, Ph.D., B.Eng. 


Hon. Secretary and Treasurer: J. H. P. DE ViLLIERS, Bruce Peebles and 
Co., Ltd., 19 Waterloo Street, Glasgow, C.2. 


Hon. Asst. Secretary: R. L. STANLEY, c/o Johnson and Phillips, Ltd., 
59 Berkeley Street, Glasgow, C.3. 


North Scotland Sub-Centre 
Chairman: J. KNox, M.Sc. 


Hon. Secretary and Treasurer: G. L. Doic, B.Sc.(Eng.), North of 
Scotland Hydro-Electric Board, Dudhope Crescent Road, Dundee. 


Hon. Asst. Secretary: Miss J. CLARKE, c/o North of Scotland Hydro- 
Electric Board, Milburn Street, Aberdeen. 


South-East Scotland Sub-Centre 

Chairman: W. B. LAING 

Hon. Secretary: G. 1. THomas, B.Sc., Ferranti, Ltd., Crewe Toll, 
Edinburgh, 4. 

South-West Scotland Sub-Centre 

Chairman: J. A. AKED. 


Hon. Secretary and Treasurer: R. L. STANLEY, c/o Johnson and Phillips, 
Ltd., 59 Berkeley Street, Glasgow, C.3. 


SOUTH MIDLAND CENTRE 

Chairman: H. S. Davipson, T.D. 

Hon. Secretary: E. H. Cox, Midlands Electricity Board, Mucklow Hill, 
Halesowen, Birmingham. 

Hon. Asst. Secretary: J. C. Pyatt, c/o Central Electricity Authority, 
53 Wake Green Road, Moseley, Birmingham, 13. 


South Midland Radio and Telecommunication Group 
Chairman: J. Morr. 


Hon. Secretary: K. B. Witson, B.Sc.(Eng.), 70 Lea Green Lane, 
Wythall, Worcs. 


South Midland Supply and Utilization Group 
Chairman: P. M. Martin, B.Sc. 


Hon. Secretary: H. C. Fox, George Ellison, Ltd., Perry Barr, Birming- 
ham, 22s. 


North Staffordshire Sub-Centre 

Chairman: E. R. Patrick, Ph.D., B.Eng. 

Hon. Secretary: E. Botton, B.Sc.Tech., Switchgear Design Depart- 
ment, The English Electric Co., Ltd., Stafford. 


Hon. Asst. Secretary and Treasurer: J. G. Woop, 70 Beatty Hall, 
Stone, Staffs. 


Rugby Sub-Centre 

Chairman: L. D. ANSCOMBE, M.A. . 

Hon. Secretary: E. S. HAL, c/o Electronics Engineering Dept., The 
B.T.H. Co., Ltd., Rugby. 

Hon. Asst. Secretary: R. W. RoBinson, 51 Yates Avenue, Newbold 
Glebe, Rugby. 


SOUTHERN CENTRE 

Chairman: L. H. Futter, B.Sc.(Eng.). 

Hon. Secretary: H. W. Houstey, 15 Southdown Road, East Cosham, 
Portsmouth, Hants. 


Hon. Asst. Secretaries: A. C. TREMAIN, B.Sc.(Eng.), Municipal College, 
Portsmouth, Hants; C. G. BRAMMER, 48 Brecon Avenue, East Cosham, 
Hants. 
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WESTERN CENTRE 

Chairman: T. G. Dasu, J.P. 

Hon. Secretary: F. F. Freevinc, Midlands Electricity Board, Bowling 
Hill, Chipping Sodbury, Bristol. 

Hon. Asst. Secretary (Bristol): A. H. McQueen, 13 The Dell, Westbury- 
on-Trym, Bristol. 

Hon. Asst. Secretary (Cardiff): E. C. BACHELOR, 15 Tredelerch Road, 
Rumney, Cardiff. 

Western Supply Group 

Chairman: E. K. Woop. 

Hon. Secretary: A. A. BECKINGSALE, Central Electricity House, 26 Oak- 
field Road, Bristol, 8. 

Western Utilization Group 


Chairman: W. H. SMALL. 
Hon. Secretary: V. R. Rose, 2 Park Road, Radyr, Cardiff. 
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Western Utilization Group (contd.) 
Hon. Asst. Secretary: W. S. Evans, Docks Engineer’s Office, Port of 
Bristol Authority, Avonmouth, Bristol. 


South-Western Sub-Centre 

Chairman: W. J. Guscott. 

Hon. Secretary: G. B. Devey, P.O. Engineering Dept., 23 Victoria Park 
Road, Exeter. 

Hon. Asst. Secretary: S. D. CHAPMAN, “‘Hycrest,” Highbury Crescent, 
Plympton, Plymouth. m 


West Wales (Swansea) Sub-Centre 

Chairman: J. H. Groocock, B.Sc.(Eng.). 

Hon. Secretary: J. Harwey, “Pendower,” Swiss Valley, Lianelly, 
Carmarthenshire. 

Hon. Asst. Secretary: B. R. Evans, B.Sc.(Eng.), Engineering Dept., 
University College of Swansea, Singleton Park, Swansea. 





Oversea Branches 


CALCUTTA BRANCH 

Chairman: N. P. DINGWALL. 

Hon. Secretary: L. W. Brazet, The Calcutta Electric Supply Cor- 
poration Ltd., Victoria House, Calcutta. 


CEYLON BRANCH 
Chairman: E. C. FERNANDO, M.B.E., B.Sc.(Eng.). 


CEYLON BRANCH (contd.) ; 

Hon. Secretary: M. M. BALAsuRIYAR, B.Sc.(Eng.), Dept. of Govern- 

ment Electrical Undertakings, P.O. Box 540, McCallum Road, 

Colombo, 10. 

IRISH BRANCH 

Chairman: A. J. Litton, B.E., B.Sc. 

7 Secretary: J. D. Fercuson, B.Sc.(Eng.), 28 Merrion Square N., 
ublin. 





Oversea Committees 


AUSTRALIA 

New South Wales 

Chairman: D. J. ABERCROMBIE, B.Sc., B.E. 

Hon. Secretary: J. T. Roto, c/o Electricity Commission of N.S.W., 
Power Development Division, Box 5257, G.P.O., Sydney. 

Queensland 

Chairman: J. S. Just. 

Hon. Secretary: A. S. FAULKNER, c/o Box 1067N, G.P.O., Brisbane. 
Soath Australia 

Chairman: K. H. Mine, B.E. 

Hon. Secretary: H. A. Prime, M.Sc., B.Sc., Electrical Engineering 
Dept., Adelaide University, Adelaide. 

Victoria and Tasmania 

Chairman: Appointment pending. 

Hon. Secretary: C. A. P. OLDFIELD, c/o State Electricity Commission 
of Victoria, 22-32 William Street, Melbourne. 

Western Australia 

Chairman: K. W. TAPLIN, B.E. 

— Sec. and Treasurer: R. R. Lake, B.E., c/o 132 Murray Street, 


INDIA 

Bombay 

Chairman: P. L. VERMA, B.Sc. 

Hon. Secretary: T. M. SutvraM, Services Engineer (North), B.E.S. & T. 
Undertaking, Electric House, Post Fort, Bombay, 1. 


Madras 
Chairman: Appointment pending. 
Hon. Secretary: R. WriGHT, M.B.E., 6 Carnatic Gardens, Madras, 12. 


MALAYA AND SINGAPORE 
Chairman: THE OveRSEA REPRESENTATIVE OF THE COUNCIL. 


NEW ZEALAND 

Chairman: F. T. M. Kusset, I.S.0., B.Sc. 

Hon. Secretary: E. H. R. GREEN, C.B.E., M.Sc., Chief Engineer, 
G.P.O. Wellington, C.1. 


SOUTH AFRICA 
Transvaal 


Chairman and Hon. Secretary: A. W. LineKER, B.Sc., P.O. Box 7794, 
Johannesburg. 





Oversea Representatives 
of the Council 


ARGENTINA 
‘ C. Towers, Acassuso 841, Olivos, F.N.G.B.M., Prov. de Buenos 
es. 


BRAZIL 

C. H. DE NorDWALL, Caixa Postal 3164, Rio de Janeiro. 

BURMA 

C. H. MELLor, c/o Rangoon Electric Supply Board, 503/9 Merchant 
Street, Rangoon. 

CANADA 

J. M. THoMson, M.A.Sc., Ph.D., Ferranti Electric Ltd., Mount Dennis, 
Toronto 15, Ontario. 

CAPE PROVINCE 

= -. Downikg, B.Sc., c/o City Electricity Dept., P.O. Box 82, Cape 


CEYLON 
D. P. BENNETT, c/o Walker, Sons and Co., Ltd., Colombo. 


EAST AFRICA 

A. O. Coscrove, B.Sc., The General Electric Co., Ltd., P.O. Box 5100, 
Nairobi. 

FAR EAST 

D. S. Hitt, Reiss, Bradley and Co., Ltd., National City Bank of New 
York Building, 2 Queens Road C, Hong Kong. 

FRANCE 

P. M. J. Amveret, Electricité de France, 12 Place des Etats-Unis, 
Paris (16°). 

Deputy Representative: M. E. LaBorpe, Ing.E.S.E., L.és.Sc., Electricité 
de France, 12 Place des Etats-Unis, Paris (16°). 

INDIA 

F. Wape-Cooper, Magnet House, Chittaranjan Avenue, P.O. Box 8974, 
Calcutta, 13. 

Deputy Representative: L. W. BrazeL, c/o Calcutta Electric Supply 
Corporation, Calcutta. 

ISRAEL 

B. F. Moss, 94 Hayarkon Street, Tel-Aviv. 


MALAYA AND SINGAPORE 
J. SHARPLES, B.Sc.(Eng.), Central Electricity Board, Head Office, Batu 
Road, P.O. Box 1003, Kuala Lumpur, Malaya. 
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MIDDLE EAST 

J. M. Morris, O.B.E., The Port Directorate, Basrah, Iraq. 
NATAL 

R. M. O. Simpson, c/o Electricity Dept., P.O. Box 147, Durban. 
NEAR EAST 


A. G. Coates, Superintendent of Communications I.P.C. and Asso- 
ciated Coys., P.O. Box 150, Tripoli, Lebanon. 


Deputy Representative: Proressor R. W. SLOANE, M.A., Ph.D., B.Sc., 
Director of Engineering, Experimental and Service Laboratories, 
American University of Beirut, Division of Engineering, Beirut, 
Lebanon. 

NEW SOUTH WALES 

V. J. F. Brain, B.E., Chairman, The Electricity Authority of New 
South Wales, Treasury Building, Bridge Street, Sydney. 

NEW ZEALAND 

E. H. R. Green, C.B.E., M.Sc., Chief Engineer, General Post Office, 
Wellington, C.1. 

PAKISTAN 

R. W. Baitey, B.Sc.(Eng.), c/o Greaves Crompton Parkinson, Ltd., 
Saifee Development Chambers, P.O. Box 194, Bunder Road, Karachi. 
QUEENSLAND 

J. S. Just, c/o Box 1067Nn, G.P.O., Brisbane. 


RHODESIA 
A. B. Cowen, O.B.E., P.O. Box 377, ssdetael 


SOUTH AUSTRALIA 
G. H. Macutn, B.E., c/o The Electricity Trust of South Australia, 
Box 412c, G.P. ., Adelaide. 


SWITZERLAND 
L. W. Hayes, O.B.E., 43 Quai Wilson, Geneva. 


TRANSVAAL 
A. W. Linexer, B.Sc., P.O. Box 7794, Johannesburg. 


UNITED STATES OF AMERICA 


Hon. Secretary: R. H. BARCLAY, The J. G. White Engineering Corpora- 
tion, 80 Broad Street, New York 4, N.Y., U.S.A. 


VICTORIA AND TASMANIA 


ProFessoR C. E. Moornouse, M.E.E., Department of Electrical 
Engineering, University of Melbourne, Carlton, N.3, Victoria. 


WEST AFRICA 
J. Houston ANGus, Electricity Corporation of Nigeria, Ijora, Lagos, 
Nigeria. 


WEST INDIES 


H. D. WALDEN, B.Sc., c/o Trinidad Leaseholds, Ltd., 19 La Carriere 
Road, Point-a-Pierre, Trinidad. 


WESTERN AUSTRALIA 
F. C. Epmonpson, c/o Electricity and Gas Dept., 132 Murray Street, 
Perth. 





Joint Oversea Groups 


ARGENTINA 


Chairman: A. C. Towers, M.I.E.E. 


Hon. Secretary: J. H. Ropinson, A.M.I.Mech.E., Av. Pte. R. Saena 
Pena 788, Buenos Aires, Argentina. 


HONG KONG 


Chairman: S. E. FABer. 


Hon. Secretary and Treasurer: J. J. Rosson, A.M.I.C.E., c/o Port 
Works Office, Public Works Dept., Hong Kong. 





Graduates and Students Sections 


BRISTOL 

Chairman: S. L. Hurst, B.Sc.(Eng.). 

Hon. Secretary: G. D. MILLer, Equipment Engineering Dept., West- 

inghouse Brake & Signal Co. Ltd., New Road, Chippenham, Wilts. 

CARDIFF 

Chairman: F. Beacn, B.Sc.(Eng.). 

Hon. Secretary: R. E. Price, “Sunnyside,” Windsor Crescent, Radyr, 

Cardiff. 

EAST MIDLAND 

Chairman: P. J. Buatt, B.Sc.(Eng.). 

Hon. Secretary: G. M. Baytey, B.Sc.(Eng.), c/o Brush Electrical 

Engineering Co., Machine Design ‘Dept., Loughborough. 

LONDON 

Chairman: M. H. F. Coins. 

— Secretary: E. L. Jones, B.Sc., 9 Dorchester Avenue, Hoddesdon, 
erts. 

MERSEY AND NORTH WALES 

Chairman: S. G. GRIFFITHS. 

Hon. Secretary: P. Tyter, B.Sc.(Eng.), 57 Bedford Road, Walton, 

Liverpool, 4. 

NORTH-EASTERN 

Chairman: D. Leaa, B.Sc. 

Hon. Secretary: N. YOUNG, 22 Foxton Avenue, Cullercoats, 

Northumberland. 

NORTH MIDLAND 

Chairman: H. J. Towse, B.Sc.(Eng.). 

Hon. Secretary: D. Pitts, 55 Broad Lane, Bradford, 4. 

NORTH SCOTLAND 

Chairman: K. 1. Gorpon. 


Hon. Secretary: J. B. Assott, c/o Brook Motors, Ltd., 124 Union 
Street, Aberdeen. 
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IRAQ AND PERSIAN i; GULF 

Chairman: N. D. Fetto, B.Sc.(Eng.), M.I.C.E. 

Hon. Secretary: Mrs. B. SHEARMAN, B.A., A.M.1.E.E., Film Centre Ltd., 
c/o LP.C. (P.R.O.), P.O. Box 61, Baghdad, Iraq. 
SINGAPORE/MALAYAN 

Chairman: R. J. Hovuis-Bee, A.C.G.I., M.1L.C.E. 

Hon. Secretary: Wan Hinc No, M.A., Ph.D., A.M.I.C.E., P.O. 
Box 730, Singapore. 

WEST AFRICAN 

Chairman: J. Houston ANGus, M.1.Mech.E., M.LE.E. 

Hon. Secretary: R. G. M. BATHGATE, B.Sc., A.M.I.C.E., A.M.I.Mech.E., 
P.O. Box 138, Lagos, Nigeria. 


NORTH STAFFORDSHIRE 
Chairman: D. K. ARKWRIGHT, B.Sc.(Eng.). 
Hon. Secretary: W. G. Lioyp, 206 Doxey, Stafford. 


NORTH-WESTERN 

Chairman: D. MANGNALL. 

Hon. Secretary: J. K. Woop, M.Sc., Electrical Engineering Dept., 
University of Manchester, Oxford Road, Manchester. 

NORTHERN IRELAND 

Chairman: W. M. BARRON. 

Hon. Secretary: T. C. Jackson, 99 Deerpark Road, Belfast. 


RUGBY 

Chairman: E. J. Davies, B.Sc. 

Hon. Secretary: J. W. SALMON, B.Sc.(Eng.), c/o Motor Engineers, The 
B.T.H. Co., Ltd., Rugby. 

SHEFFIELD 

Chairman: J. R. BENNETT. 

Hon. Secretary: J. BENNETT, 7 Dale Road, Rotherham. 


SOUTH-EAST SCOTLAND 

Chairman: J. Bews. 

Hon. Secretary and Treasurer: M. B. MCNEiLL, 13 Stirling Road, 
Trinity, Edinburgh, 5. 

SOUTH MIDLAND 

Chairman: J. F. WINTERBOTTOM, B.Sc. 

Hon. Secretary: A. H. Boyson, 106 Somerset Road, Edgbaston, 
Birmingham, 15. 

SOUTH-WEST SCOTLAND 

Chairman: A. AKED, B.Sc. 

Hon. Secretary: J. C. Easton, 29 Castle-Chimmins Road, Cambuslang, 
Glasgow. 

SOUTHERN 

Chairman: A. TEAGUE. 

Hon. Secretary: H. G. New, 67 Fortunes Way, Bedhampton, Hants. 
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Elections and Transfers 


The following elections and transfers approved by 
the Council are effective from the Ist September, 1955. 


ELECTIONS 


Members 
BURNS, Philip Leonard, M.Sc.Tech. 


Associate Members 


ABSON, Wilfred, B.Sc. 

ACTON, John Roberts. 

BANKES, Edward William Jervis, 
Capt., R.N. 

BASSNETT, John Thomas. 

BYRNE, Michael Gregory, B.E. 

De LACY, Hugh Laurence, B.E., 
B.Sc. . 

DURRANT, Hector Harry. 

FAWCETT, John. 

GODDEN, Charles George. 

JACKSON, Gerald Breck. 

JONES, Hubert Sydney, B.A. 

KIMMIS, Reginald William. 


Companion 


DARLING, Sir William Young, 
C.B.E., M.C., LL.D., M.P. 


Associates 


DESAI, Jethalal Sakerlal. 
EDWARDS, Gwilym. 


TRANSFERS 
Associate Member to Member 


AINSLIE, Kenneth Oliver, B.Sc. 

BERRY, Norman, B.Sc.Tech. 

CHASE, John Joseph. 

DALLIMORE, Joseph George, 
B.Sc.(Eng.). 

DANIELS, Harold Bentley, B.Sc. 

GURTU, Ram Krishna, B.Sc. 

HARLEY, John. 

HARPER, Samuel Denis, Lt.-Cmdr., 
R.N.V.R., B.Sc. 

HOLLOWAY, Arthur Gordon Per- 
ham, B.Sc.(Eng.). 


Associate to Associate Member 


BEENHAM, Herbert Norman. 
NICHOLSON, Hubert Donald, Major. 


Graduate to Associate Member 


ALSTON, Liviu Leonard, B.Sc.(Eng.). 

BARR, Robert Strawbridge. 

BARTER, Allan James, B.Sc.(Eng.). 

BAYLEY, John Harry. 

BINKS, Ronald Bertram, B.Sc. 

BOYD, Douglas. 

BRODRIBB, Bernard Charles 
Graind’ orge. 

BUTTERY, Roy. 

CHARLTON, George Robson, B.Sc. 
(Eng.). 

COOPER, Francis Tecwyn. 

COOPER, Neville Wanless, B.Sc. 

COVERDALE, Laurence William. 

CROSS, Francis David. 

CROWDER, Alfred. 

CUFFLIN, Denis Gilbert, B.Sc.(Eng.). 

CUSTANCE, John Ernest. 

DIGHTAM, Bernard Victor. 

DRAIN, Reginald Cecil. 

DUKER, Kodwo Arhin, B.Sc. 

DUNCAN, Eric Ferguson. 

EVANS, Samuel Charles. 

EVANS, William Shaw. 

FREEMAN, John George, B.Sc. 

GENTLES, Ernest Robert. 

GHOSH, Dwijendra Nath, M.Sc. 

GOODALL, James. 

GORDON, Donald. 


LANE, John Arnold, M.Sc. 
LINNING, Matthew Mackinnon, 
B.Sc. 


MILLER, Philip, Instr.-Cmdr. R.N., 
M.A. 

POLLARD, James Watts. 

ROBERTSON, Reginald Roberts. 

ROSSER, Richard James. 

SAUNDERS, Ronald Lionel Spencer, 
B.Sc.(Eng.). 

SEWARD, Arthur Robert. 

SHEEDY, Denis Patrick. 

SHEPPARD, George. 

SMYTH, Vere Stainer Wallace. 


PACKHAM, Leonard Vivian. 
SPENCER, James Wylie. 


JOHNS, John William, B.Sc.(Eng.). 
KEEBLE, Albert Edward. 
KINNERSLEY, John Robert. 
LACKIE, William Robson. 

NAGLE, Ronald Francis, M.Eng. 
NEAVE, David Peter Bremner, B.Sc. 


(Eng.). 
PATTERSON, Thomas Clementson, 
B.Sc. 


VICKERS, Harold Edwin. 


WHEELER, Harold Alden, B.S. 


GORMLEY, David. 

GREGORY, Darrell Welbourn. 

GUNN, John Campbell. 

HALSALL, James Richard. 

HENDERSON, John Thomson, B.Sc. 

HENDERSON, Thomas. 

HEYWOOD, Anthony William. 

HICKS, Norman James. 

HOARE, Peter Charles. 

HUANG, Han Chao, B.Sc., Ph.D. 

HUNT, Dennis Albert. 

HUTTON, Kenneth Hayden, B.Eng. 

JENKINS, Hubert. 

JOYCE, William John, B.Sc. 

KENWRIGHT, Robert Edward. ¢ 

KILBY, Reginald Frederick, B.Sc. 

LAITHWAITE, Eric Roberts, M.Sc. 

LATHAM, Garry William, B.E. 

McCURLEY, Edmund Thomas. 

MacFADYEN, Alexander Maclennan, 
B.Sc. 

MARTIN, Christopher Albert. 

MATTHEWS, Peter Reginald. 

MAYER, Thomas, B.Sc. 

MILLER, David Thomas, B.Sc. 

MILLER, John Lawrence, Ph.D., 
B.Sc.(Eng.). 

MORGAN, Evan Idris. 

MUNCER, Ernest John. 
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Graduate to Associate Member (contd.) 


NEWTON, Stuart William, B.Sc. 

NIGHTINGALE, Derek Thomas, 
B.Sc.(Eng.). 

NOLAN, James Bernard, B.E. 

OLIPHANT, Ronald. 

OTOO, Brandford Otinkwra, B.Sc. 


(Eng.). 
PALLANT, Kenneth Robert, M.Sc. 
PARRETT, Geoffrey Eric. 
PEDEN, Kenneth. 
PEMBROKE, Maurice Sidney. 
PETERSON, Ted. 
PICKETT, Eric Samuel John, M.A. 
PORTER, Thomas Frederick, B.Sc. 
REECE, Albert Benjamin John, M.Sc. 
ROWBOTTOM, Frank. 
RUSSELL, Ronald George, B.Sc. 
(Eng.). 
SALMON, Kenneth James. 
SHARP, Frank Baker. 


Student to Associate Member 
INGHAM, John Albert, B.Sc. 


SIMPSON, John Watson. 

SMART, Alan Thomas. 

SNOW, Malcolm Chariton, Capt., 
R.E.M.E. 

SPOWAGE, Peter Godfrey, B.Sc. 

STEVENSON, Ian Watt. 

TAYLOR, William Albert. 

THOMPSON, Peter Gerald, B.Sc. 
(Eng.). 

THOMPSON, Robert Burgess, B.Sc. 

TOMLIN, Harry. 

WESLEY, Andrew Marshall, B.Sc. 
(Eng.). 

WESTMACOTT, Leonard Leslie. 

WHITELEY, Edward Cecil, B.Sc. 

WILSON, Geoffrey. 

WOOD, Reginald. 

WRIGHT, David Watson, B.E. 

WYATT, Dennis. 

YIPP, Cecil Walter, B.Sc.(Eng.). 


The following elections and transfers approved by 
the Council are effective from the 22nd September, 1955. 


ELECTIONS 


Graduates 


BIRD, Gordon William. 

CHAPMAN, Roy Frank, B.Sc. 

COLSON, Tudor Alan. 

GRINDLEY, Alan John, B.A. 

HAWES, Martin Bracey. 

HUDSON, Mark Howard Vander- 
meulen, B.A. 

IMPEY, Maxwell Alfred, B.Sc.(Eng.). 

McGUIGAN, Edward Patrick. 

McKAY, William. 

MARSLAND, John Geoffrey, B.Sc. 
(Eng.). 

MORGAN, David Bertrey. 

NEAL, Victor George. 


Students 


ADAMS, John Andrew. 

AINGE, Robert James. 

ARMSTRONG, John Stanley. 

CHAKRABORTY, Jatindra Mohon, 
B.Sc.(Eng.). 

COLLEY, Alfred John de Quervain, 
Capt. 

COURT, Alan Albert. 

FINN, Trevor. 

FLETCHER, Michael Brian. 

GLOVER, David. 

JHA, Kumar B.Sc.(Eng.). 

KIMBER, Howard Frank. 

KRISHNAN, Lakshmi Bala, B.Sc. 
(Eng.). 

KURIATA, Tadeusz. 

LEA, Ann Philipp (Miss). 

LEWIS, Reginald Donald. 


TRANSFERS 
Student to Graduate 


ALLAHAR, Keith Irwin. 

AMOS, Hugh, B.Sc. 

ELLINOR, John Henry. 

FRASER, Daniel Borland, B.Sc. 

GRUBB, Richard Needham, B.Sc. 
(Eng.). 

HARVEY WILLIAMS, Nevil Thur- 
ston. 

HAWORTH, Charles Philip, B.Sc. 
Tech. 

MITRA, Salil Kumar, B.Sc. 


RAS, Marthinus David Christiaan, 


SHERMAN, Alec. 

SMALLWOOD, John Cecil. 

STILLINGFLEET, John Reginald, 
B.A. 

TIBBO, George. 

TODD, James Edward. 

TOPLIS, John Edward. 

TRESIDDER, John Nicholas. 

WATERER, Yearly Joseph. 

WRIGHT, Arthur James Sidney. 

YELLAND, Geoffrey Playford, B.E. 


McCARROLL, Eric. 

MARSHALL, Maurice Richard. 

MONTAGUE-FULLER, Brian Mal- 
colm. 

OSBORNE, Michael John Ressich. 

PATEL, Chimanbhai Govindbhai, 
B.E. 

PRABHU, Karkal Pulkeri Narendra. 

SAMPATH, Ananthachariar. 

SAXON, John Henry Kendall. 

SLINGSBY, Harry. 

SPENCE, Robert, B.Sc.(Eng.). 

SUNDARESARAO, Katharikuppam. 

TAYLOR, John McFarlane. 

TOLWORTHY, Peter. 

VOADEN, John Herbert. 

WILLIAMS-WYNN, Henry Earl. 


NESGOS, George, B.Sc.(Eng.). 

OWEN, Richard Arfon. 

PARR, John Graeme, B.Sc.(Eng.). 

REENSKAUG, Trygve Mikjel Heyer- 
dahl. 

RITCHIE, Douglas Stewart, B.E. 

STEPHENSON, Paul. 

THOMAS, Norman Sutton. 

VINALL, Peter Raymond. 

WOODHEAD, Alan. 


A CORRECTION TO THE JOURNAL, JUNE 1955 


In the list of Elections of Students on page 399, “ANG, Pang 
Ee” should read “PANG, Ee Ang”. 
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Forthcoming Events at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. (tea 5 p.m.), except where otherwise stated. The nature of the 
meeting is indicated by the following key: 


1955 
OCTOBER 


19 
25 


26 
31 


Wednesday 
Tuesday 


Wednesday 
Monday 


NOVEMBER 


1 


3 


10 
14 


15 


t 
672 


Tuesday 
Thursday 
Monday 
Tuesda y 
Wednesday 
Thursday 
Monday 


- 


Tuesday 


No advance information will be available. 


E — EDUCATION DISCUSSION CIRCLE R = RADIO AND TELECOMMUNICATION SECTION 
I INFORMAL S SUPPLY SECTION 

M MEASUREMENT AND CONTROL SECTION U __ UTILIZATION SECTION 

OQ ORDINARY 


After each paper that has now been published is added the month that its synopsis appeared in the Journal, 


H. STANESBY. Chairman’s Address* R 


D. R. CHICK, M.SC., B.SC., and D. P. R. PETRIE, M.SC. 
“‘An Electrostatic Particle Accelerator” (Paper No. 1869 M)|| Synopsis: July 1955 


S. E. HUNT, PH.D., D. P. R. PETRIE, M.SC., K. FIRTH, B.SC., and A. J. TROTT 
“‘An Electrostatic Analyser for the Absolute Measurement of Proton Energies and the Establishment of 
Fixed Points on the High-Voltage Scale” (Paper No. 1840 M)|| Synopsis: June 1955 


L. DRUCQUER. Chairman’s Address* ' Ss 
At 2.30 p.m. 
E. D. R. SHEARMAN, B.SC.(ENG.) R 


“The Technique of Ionospheric Investigation using Ground Back-Scatter” (Paper No. 1915 R)§ and 

““A Study of Ionospheric Propagation by means of Ground Back-Scatter” (Paper No. 1914 R)§ 

R. W. MEADOWS, B.SC.(ENG.) 

*‘An Experiment to Test the Reciprocal Radio Transmission Conditions over an Ionospheric Path of 
740 km” (Paper No. 1901 R)|| Synopsis: September 1955 

F. J. M. LAVER, B.SC., and H. STANESBY 

“‘An Experimental Test of Reciprocal Transmission over Two Long-Distance High-Frequency Radio 
Circuits” (Paper No. 1904 R)§ 

At 5.30 p.m. 

W. J. BRAY, M.SC.(ENG.), J. A. SAXTON, D.SC., PH.D., R. W. WHITE, B.SC., and G. W. LUSCOMBE, B.SC.(ENG.) 
““V.H.F. Propagation by Ionospheric Scattering and its Application to Long-Distance Communication” 
(Paper No. 1920 R)§ 


W. CASSON and L. CsuUROS will open a discussion on “‘Fault Recording Instrumentation on a Power 
Supply System’’t M 
CAPT. C. F. BOOTH, 0.B.E., and B. N. MACLARTY, O.B.E. oO 
“The New High-Frequency Transmitting Station at Rugby” (Paper No. 1903 R)§ _ 


D. RUTENBURG, B.SC., will open a discussion on “‘Lagrange’s Principle as the Basis of a Unified Treatment 
of the Action of Electrical Indicating Instruments’’* (at 6 p.m., tea at 5.30 p.m.) E 


Section Dinner (at the Café Royal) M 


G. B. B. CHAPLIN, PH.D., R. E. HAYES, B.SC., and A. R. OWENS, B.SC. R 
“A Transistor Digital Fast Multiplier with Magnetostrictive Storage” (Paper No. 1858 R) (published in 
the Proceedings, Part B, July 1955) 


T. H. KINMAN, M.B.E., G. A. CARRICK, M.A., R. G. HIBBERD, B.SC., and A. J. BLUNDELL oO 
“Germanium and Silicon Power Rectifiers” (Paper No. 1936 U)§ 


P. DUNSHEATH, C.B.E., M.A., D.SC.(ENG.), will open a discussion on “Is the Engineer Broad Enough in " 
Outlook ?’’* 


D. L. HOLLWAY, B.E.E., M.ENG.SC., D.SC.ENG. M andR 
“An Electrolytic-Tank Equipment for the Determination of Electron Trajectories, Potential and Gradient” 
(Paper No. 1837 M)|| Synopsis: May 1955 

““A Method of Tracing Electron Trajectories in Crossed Electric and Magnetic Fields” (Paper No. 1838 M)il 
Synopsis: May 1955 

(The two papers will be read by 3. H. WESTCOTT, PH.D., B.SC.) 

§ This paper will be published not later than 10 days before the date of reading. 


An abstract of the introduction will be available in advance. || This paper has now been published separately (see p. 654). 
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Wednesday 
Thursday 


Monday 


Wednesday 
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Tuesday 


Wednesday 
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R. A. GRIERSON will open a discussion on “Thermal Rating of Transformers” ft Ss 


C. CUTHBERT, B.SC., and D. A. PICKEN U 
“Timing the Operation of Control Systems associated with Rotating Equipment” (Paper No. 1800 U)|| 
Synopsis: March 1955 

D. HARRISON, M.ENG., PH.D. 

“The Dynamic Braking of Induction Motors” (Paper No. 1885 U)|| Synopsis: August 1955 

E. P. WETHEY, B.SC., will open a discussion on “The Reception of Band I and Band III Television Pro- 


J. S. MOLLERH@J, M.SC., A. M. MORGAN, B.SC.(ENG.), and C. T. W. SUTTON, M.SC.(ENG.) Ss 
“Flat Pressure Cable” (Paper No. 1884 S)|| Synopsis: July 1955 

Section Soirée R 
C. J. N. CANDY, PH.D., B.SC.(ENG.) MandR 


“The Specification of the Properties of the Thermistor as a Circuit Element in Very-Low-Frequency 
Systems” (Paper No. 1751 M)|| Synopsis: December 1954 
““A Vector Method for Amplitude-Modulated Signals” (Paper No. 1772 M)|| Synopsis: January 1955 


BRITISH NUCLEAR ENERGY CONFERENCE: INAUGURAL MEETING 


(At The Institution of Civil Engineers, Great George Street, S.W.1. Admission, which is restricted to 
members of the constituent bodies, is by ticket only, obtainable from the Secretary of The Institution of 
Electrical Engineers.) 


SYMPOSIUM OF LECTURES: 

At 2.15 p.m. 

SIR CHRISTOPHER HINTON, M.A., F.R.S. 

Opening Address* 

SIR JOHN D. COCKCROFT, K.C.B., C.B.E., M.A., M.SC.TECH., PH.D., F.R.S. 

“The United Kingdom Atomic Energy Project” t 

V. A. PASK, C.B.E., and J. A. DUCKWORTH, B.A. 

“The Place of Nuclear Energy in United Kingdom Power Development” t 


There will be an interval for tea from 4.45 to 5.15 p.m. 


At 5.15 p.m. 

H. J, GROUT, B.SC. 

“The Use of Research Reactors in Nuclear Power Development’ t 

A. S. MCLEAN, M.B., CH.B., D.I.H., and W. H. MARLEY, M.SC., PH.D. 

“Health and Safety in a Nuclear Power Industry’ 

After each of the lectures by Mr. Pask and Mr. Duckworth, by Mr. Grout, and by Dr. McLean and 
Dr. Marley, there will be a discussion. 


District Meetings 


Arrangements for the remainder of the first half of the session for District meetings other than those held in the area of a Local 


Centre. 
1955-56 HATFIELD (At the Hatfield Technical College at 7 p.m. Tea at 6 p.m.) 

October 19 Wednesday General Discussion Meeting (The film The Inquiring Mind will be shown.) 

December Friday J. A. BROUGHALL, B.SC. ° “The Future Electrical Developments of Railways”* 
MAIDSTONE (At the Prince of Wales Hotel, Railway Street, Chatham, at 6.30 for 7 p.m.) 

November Tuesday D. P. SAYERS, B.SC., M. E. LABORDE, ING.E.S.E., L.ES.SC., and F. J. LANE, O.B.E., M.SC. 
“The Possibilities of a Cross-Channel Power Link between the British and French Supply 
Systems”’ [Proceedings I.E.E., Paper No. 1588 S, September 1954 (101, Part I, p. 284)] 
OXFORD (At the Southern Electricity Board, 37 George Street, Oxford, at 7 p.m.) 

November Wednesday Rk. 4H. GOLDE, PH.D. “Lightning Surges on Electrical Supply Systems’’* 

January Wednesday. A. PEDDIE, B.SC.(ENG.) ‘“‘Atomic Energy Programme’’* 
READING (At the George V Room, George Hotel, King Street, at 7.15 p.m.) 

October 17 Monday A. G. BEVERSTOCK, PH.D., M.A., B.SC. 
“The Electrical Industry—Career Opportunities and Training Schemes” * 

November 28 Monday E. BILLIG, DR. TECH. “The Physics of Transistors’’* 

* No advance information will be available. t For synopses see pp. 665-6. 


t An abstract of the introduction will be available in advance. 


|| This paper has now been published separately (see p. 654). 
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Contents of the Current Issues of the Proceedings 


DATE OF JOURNAL 


aoe aaric.e ~=©PART A. POWER ENGINEERING (OCTOBER 1955) 


PROFESSOR J. W. CUTHBERTSON, D.SC. 
September 1955 Electrolytic Processes for Surface Conditioning of Metals (PAPER No. 1866 U) 


FRANK W. ROBERTS, B.SC.(ENG.) 

August 1955 The Electrical Equipment of the Toronto Subway Cars (PAPER No. 1754, OcroBer 1954) 
Discussion on Electricity in the Wool-Textile Industry before the North-Western Utilization Group and the No I 
Midland Utilization Group 
A. O. JOHNSON, B.SC.TECH., AND N. F. MARSH, M.A. 

August 1955 The Standardization of Retail Electricity Tariffs (PAPER No. 1798 U, Marcu, 1955) 
Discussion on Electric Lifts in Post-War Housing before the North-Western Utilization Group and the North Midlag 
Utilization Group 


Discussion on An Assessment of the Impregnated Pressure Cable before the North-Western Supply Group, the Nort 
Eastern Centre, the South Midland Supply and Utilization Group, the Western Supply Group and the Southern Cen 


R. T. RUSHALL AND J. S. SIMONS, B.SC.(ENG.) 
May 1955 An Examination of High-Voltage D.C. Testing applied to Large Stator Windings (PAPER No. 1771 S, JANUARY 1955) © 


A. HOBSON, M.SC.TECH. 
April 1955 Current Summations with Current Transformers (PAPER No. 1678 M, June 1954) 


Discussion on Measurement of the Winding Resistances of a 132kV Power Transformer in Service before the Nort 
Western Measurements Group, the North Midland Centre, the Rugby Sub-Centre, and the North-Eastern Radio aj 
Measurements Group 


Digest S. KANEFF, B.E. 
not yet published Dynamic Operation of an A.C. Network Analyser (PAPER No. 1847 S) 


Discussion on Service Experience of the Effect of Corrosion on Steel-Cored-Aluminium Overhead-Line Conductors bef 
the Mersey and North Wales Centre, the Irish Branch and the North-Eastern Centre ; 


R. W. BRUCK, B.SC., B.E., AND H. K. MESSERLE, M.ENG.SC., B.E.E. 
October 1955 The Capability of Alternators (PAPER No. 1879 S) 


Discussion on The Technique and Development of Automatic Winding in Mine Shafts before the North Midland Utiliz 
tion Group, the East Midland Centre, the North Staffordshire Sub-Centre, the Rugby Sub-Centre, the Western Cent 


the North-Eastern Centre, the Sheffield Sub-Centre and the Mersey and North Wales Centre 


Discussion on Meter Problems and Consumers’ Load Characteristics before the North Midland Centre and the Souther 
Centre 

Discussion on Technical Colleges and Education for the Electrical Industry before the North-Western Centre, the South 
Centre and the East Midland Centre 

Discussion on Problems of Hydro-Electric Design in Mixed Thermal-Hydro-Electric Systems before the South- 
Scotland Sub-Centre 


Discussion on A Short Modern Review of Fundamental Electromagnetic Theory before the North-Western Centre, 
Mersey and North Wales Centre and the North-Eastern Radio and Measurements Group 


Digest J. C. READ, D.SC., AND C. F. GIMSON 
not yet published A High-Power Mechanical Contact Rectifier (PAPER No. 1939 U) 
Discussion on Some Researches on Current Chopping in High-Voltage Circuit Breakers before the North-Eastern Cen 
the North-Western Supply Group, the South-West Scotland Sub-Centre, the South Midland Supply and Utilizati 
Group, the Mersey and North Wales Centre and a Joint Meeting of the Sheffield Sub-Centre and North Midland Ce 


Digests of Institution Monographs: 

W. E. LEWIS, PH.D., AND J. H. BANKS, B.SC. Matrix Methods for the Evaluation of Simultaneous Faults in Three-F 
Systems (MONOGRAPH No. 125 S, Apri 1955) 

eee G. W. CARTER, M.A. A Note on the Surface Loss in a Laminated Pole-Face (MONOGRAPH No. 123, M 
R. F. SAXE, PH.D., AND J. M. MEEK, D.ENG. The Initiation Mechanism of Long Sparks in Point-Plane Gaps (MONOG 
No. 124 M, Aprit 1955) 

I. THOMAS, B.SC. Second-Order Torque Components in the Schrage Motor operating at Synchronous Speed (MONOG! 
No. 133 U, May 1955) 

H. K. MESSERLE, M.ENG.SC., B.E.E., AND R. W. BRUCK, B.SC., B.E. Steady-State Stability of Synchronous Generators 
affected by Regulators and Governors (MONOGRAPH No. 134 S, JuNE 1955) 


PART B. RADIO AND ELECTRONIC ENGINEERING (SEPTEMBER 1955) 
See September Journal page 619. ; 


PART C. MONOGRAPHS (SEPTEMBER 1955) 
See September Journal page 620. 








